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w ^
with regard to the material world, w^c can aft least go so far as this

—

we^in perceive that events are brought about not by insulated interp>ositions

of

^

bivine power, exerted in <i^ch particular case, but by the establishment of

general laws.” ^ ®

Whewell; Bridgewater Treahse.

• “To conclude, therefore, Jet no man out of a weak coilJcit of sobriety, or

an ill-applied moderation, think or maintain, that a^’nian can search tot* far

or be too >^11 studied in the book of God’s word, or in the book of God's

works; divinity or philosophy; but rather let men endeavour an endless

progress or proficience in both.” i

Bacon ; Advancement of Learning.

Denvn, Br%nley^

October jst, 1859.
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ON THE ORIGIN OF SPECIES.

INTRODUCTION.

When on board H.M.S. ‘ Be^le/ as naturalist, I was much
struck with certain ficts in the distribution of the inhabitants

of South America, and in th(v* geological relations of ^jhe

present to the past inhabitants of that continent. These facts
^

seemed to me to throw some light on the origin of species

—

that mystery of mysteries, as it has been called by one of

our greatest philosophers. On my return home, it occurred

to me, in 1837, that something might perhaps be made out

on this question by patiently accumulating ,and reflecting on
all sorts ^i^acts which could possibly have any bearing on it.

After five years* work I allowed myself to speculate on the

subject, and drew up some short notes; these I enlarged
in 18^4 into a sketch 04 the conclusions, which then seemeJ.
to' me probable : from that period to the present day I hav5
steadily pursued the same object. I hope t^at I may be
•e)^usii^for ^tering on these personaf details, as I give them
t(f show that I have not been hasty in coming to a decision.

^
My *work is now nearly finished ; but as it will take me

two or three more years to complete it, and as my health

is far from strong, I l^ve been urged to publish this Abstract.

I have more especially been induced to do this, as Mr.
Wallace, who is now studying the natural history of the Malay
archipelagdi has arrived at almost exactly the* same general

conclusions that I have on the origin of species. Last year*
he sent, to me a memoir on this subject, with a request

that 1 would^rward it to* Sir Charles Lyell, ^o sei^ it to

tite Linnean ^ciety, and it is published in the third volume
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of the Journal of that Society- Sir C. Lyell anii Lr. Hooker,
who both knew of my work—the latter having read my sketch

of 1844—honoured me by thinking it advisable to ^publish,

with Mr. Wallace*s excellent memoir, somfe brief extract? from

my manuscripts.
^

'

This Abstract, which I 'pow publish, must necessarily be
krperfect. I cannot here give references and authorities for

my several statements ; and I must t^st to the reader re-

posing some confidence in my accjvacy. No doubt errors

will have crept in, though I hope I have always been cautious

in trusting to good authoritiej alp,pe. I can here give only

the general conclusions at wnich'^i have afflved, with a few

facts in illustration, but which, I hope,' in most cases will

suffice. No one can feel more sensible than I do of the

necessity of hereafter publishing in detail all the facts, with

references, on which my conclusions have been grounded

;

and I hope in a future work to do this. For 1 am well

aware that scarcely a singly point is discussed in this volume
oiT which facts cannot be Adduced, often apparently leading

to conclusions directly opposite to those at which I have
arrived. A fair result can be obtained duly by fully stating

and balancing the facts and arguments cn both sides of each
questitf^n

;
and this cannot possibly be here done.

I much regret that want of’' space prevents my having the

satisfaction of acknowledging the generous assistance which
I have received from very many naturalists, of them
personally unknown to me. I cannot, however, let this

opportunity pass without expressing my deep obligations to

\)Jt, Hooker, who for the last fifterf* years has aided me in

every possible way by his large stores of knowledge and his

excellent judgment. «

» In considering the Origin of Species, it is quite corCeivable
that a naturalist, reflecting on the mutual affinities of organic
beings, on their embryological relations, their geographical
distribution, geological succession, and other such facts, might
c^me to the conclusion that each speLies had not been hi-

dependently created, but had descended, like varieties, from
other species^ Nevertheless, such a conclusion, even if well

foundi-d, would be unsatisfactory, until it could be shown
how the innumerable species inhabiting this world have been
modified, so as to acquire that perfection of st?J»cture and
coada^ptatiorf which most justly excites our adfl^flration. Natu-
ralists continually refer to external conditions, cuch as climati^,
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food, &c,, 5s (he only possible fause of variation. In one very

limited sense, as we shall hereafter see, this may be truejo

but it isj)reposterous to attribute to mere external conditions,

the sffucture, for ihstance, of the woodpecker, with its feet,

tail, beak, wind tongue, so admirably adapted to catch insects

under the bark of trees. In the case of the misseltoe, which
draws its nourishment from certain trees, which has see<^

that must be^ trar^gported by certain birds, and which has
flowers with separate sejes absolutely requiring the agency of

certain insects to bring pollen from one flower to the other,

it is equally preposterous to acj:ount for the structure of«this

parasite, with il'a- relations sieyeral distinct organic beings,

by the effects of external conditions, or of habit, or of the

volition of the plant itself.

The author of the ‘ Vestiges of Creation ’ would, I presume,
say that, after a certain unknown number of generations, some
bird had given birth to a woodpecker, and some plant to the

misseltoe, and that these had been produced perfect as we
now see them

;
but this assumg|i(bn seems to me to be ^o

explanation, for it leaves the case of the coadaptations of

organic beings to tach other and to their physical conditions
of life, untouched and unexplained.

It is, therefore, of the highest importance to gain a clear

insight into the means of modification and coadaptatiorT. At
the commencement of my observations it. seemed to me
probable-^^^iat a careful study of domesticated animals and
of cultivated plants would offer the best chance of making
out this obscure problem. Nor have I been disappointed

;

in thif and in cll othem perplexing cases I have invariably^,

found that our knowledge, imperfect though it be, of variation'

f^nd^r domestication, afforded the best and sa^st clue. 1

may venture* to express my conviction of the high value

of such studies, although they have been very commonly
*

neglected by naturalists.

From these considerations, I shall devote the first chapter

of this Abstract to Variation under Domestication. We shall

thus that a large amount of hereditary modification is at

least possible; and, what is equally or more important, we
shall see h8w great is the power of man in accumulating by
his Selection successive slight variations. I will then pass

on to the variability of spetiies in a state of nature
;
but I

shall, unlBftun^ely, be compelled to treat thil subject far

tqo briefly, as «t can be,^ treated properly only by giving long



»
'

to disci

what circumstances 'are most favourable to variatioi;ii. In t

next chapter the Struggle for Existence amongst all orgar

beings throughout the world, which inevitably folftvr^ fro

their high geometrical powers of increase, will b^' treated *

This is the doctrine of Malthus, applied to the whole anirr

^d vegetable kingdoms. 'As many more individuals of ea

species are born than can possibly sumve
; s^nd as, con:

quently, there is a frequently recurring struggle lor existem

it follows that any being, if it varj»' however slightly in .a

mapner profitable to itself, under the complex and soraetin

varying conditions of life, wiil 5:i.Ve a betWir chance of s

viving, and thus be naturally selected, From the strc

principle of inheritance, any selected, variety will tend
propagate its new and modified form.

This fundamental subject of Natural Selection will

treated at some length in the fourth chapter; and we si

then see how Natural Selection almost inevitably causes mi
Extinction of the less iragroved forms of life, and indu

wtiat I have called Divergence of Character. In the r .

chapter I shall discuss the complex and ilittle known lawf

variation and of correlation of growth. In the four succeec

chapters, the most apparent and gravest difficulties on
theory will be given : namely, first, the difficulties of tra

tions, or in understanding how a simple being or a sin

organ can be changed and perfected into a high^y^evelc
being or elaborately constructed organ

; secondly, the sul:

of Instinct, or the mental powers of animals
; thii

.Hybridism, or the infertility of species and the fertilit;

^ varieties when intercrossed
; and fourthly, the imperfec

of the Geological Record. In the next chapter I shall »

sider the geological succession of organic beings tlyougl

time; in the eleventh and twelfth, their geographical
tribution throughout space

;
in the thirteenth, their classi

tion or mutual’ affinities, both when mature and in

embryonic condition. In the last chapter I shall give a I

fecapitulation of the whole work, and a few coqflu
reinai ks.

No one ought to feel surprise at much reminning as
unexplained in regard to the origin of species and varic

if he makes due allowance foj our profound ignoranc
regard to tjie mutual relations of all the li^ng^ ^CV^hich

around us. Who can explain why one species ranges wi

'
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cataloAies of facts. We shall, however, be enablld
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riabiliiy, ^whatever they i^ay be, generally act; whether
’•ing the early or late period of development of the embryo,
at^Jhe instant of conception. Geoffroy St. Hilaire's experi-

%ts show thaf unnatural treatment of the embryo causes
. nstro«Lties

; and monstrosities cannot be separated by any
ir line of distinction from-,lnere variations. But 1 am
mgly inclined to suspect that the most frequent cajise

variability may be attributed to the male and female re-

ductive elemems J^aving been affected prior to the act of

Igeption. Several reasons make me believe in this ; but
chief one is. the re^rj^able effect which confineihent or

livation han oif the wnctions of the reproductive system ;

^

'
i system appearing to* be far more susceptible than any
.er part of the ^ganisation, to the action of any change
he conditions of life.* Nothing is more easy than to tame
mimal, and few things more difficult than to get it to breed
ly under confinement, even in the many cases when the

- e and female finite. Hoiiynany animals there are which
not breed, though living^ng under not very closc»con-
ment in their native country ! This is generally attributed

ritiated*instiribts
; but how many cultivated plants display,

utmost vigour, and yet rarely or never seed ! In some
such cases it has been found out that very trifling^hanges,

1 as a little more or less water at some particular period of
vth, will determine whether or not the plant sets a seed.^
nq^here enter on the copious details which I have col-

' id on this curious subject ; but to show how singular the
r 1 are which determine the reproduction of animals under

. Snement, I may Jhst mention that carnivorous animanf'*
1 from the tropics, breed in this country pretty freSy
er confinement, with the exception of the plantigrades

>q^r family; whereas, carnivorous birds, with the rare<>

ptions) hardly ever lay fertile eggs. Many exotic plants

) pollen utterly worthless, in the same exact condition as

le most sterile hybrids. When, on the one hand, we see
07 esticated animils and plants, though often weak and

|r, yet breeding quite freely under confinement; and When,
he other hand, we see individuals, though ^aken young
a sAte of nature, perfectly tamed, long-lived, and healthy
vhich I could give numerous instances), yet having theff^
xlu^tive system so seriously affected bv unperceived
ss "as toffail in acting, we need not be surprises at this

m, wheq it does act under confinement, acting not quite
- ^



i8 ON THE ORUDIN OF SPECIES f"

regularly, and producing offspr^g not perfectly^' liie their

parents or variable.

Sterility has been said to be the bane of horticulture^; but

on this view we owe variability to the same Cause whicn j^ro-

duces sterility ; and variability is the source of all the choicest

productions of the garden. I ii^iay add, that as some organisms

will breed most freely under the most unnatural conditions

(for^mstance, the rabbit and ferret kept in hutch^), showing
that their reproductive system has not^bden thus affected;

so will some animals and plants withstand domestication or

cultivation, and vary very slightly—^erhaps hardly more than
in a state of nature. •

A long list could easily be given of “ sporting jilants
;
” by

this term gardeners mean a single bud or offset, which
suddenly assumes a new and sometimes very different cha-

racter from that of the rest of the plant. Such buds can

be propagated by grafting, &c., and sometimes by seed. These
** sports are extremely rare under nature, but

^
far from rare

iindba cultivation; and in this ease we see that the treatment

of the parent has affected a bud or offset, and not the ovules

pr pollen. But it is the opinion of most physiologists that

there is no essential difference between a l^ud and an ovule

in their earliest stages of formation
;
so that, in fact, “ sports

”

support my view, that variability may be largely attributed to

the ovules or pollen, or to both, having been affected by
the treatment of the parent prior to the act of cop,'''*ption.

These cases anyhow show that variation is not necessarily

connected, as some authors have supposed, with the act of

''generation.

Seedlings from the same fruit, and the young of the same
litter, sometimes; differ co^nsiderably from each other, though
b^th the young and the parents, as Muller has ^remarked,

have apparently been exposed to exactly the same conditions

of life; and this shows how unimportant the direct effects

of the conditions of life are in comparison with the laws of

reproduction, and of growth, and of inheritance
;
for had the

actidn of the conditions been direct, if any of the young, had
varied, all wouU^ probably have varied in the st,'ue manner.
To judge how much, in the case of any variation, wft should

“^tribute to the direct action of heat, moisture, light, food, &c.,

is most difficult : my impression i§, that with animaljs^ such
agenciesf'have Jiroduced very little direct effect, tfeou^ appa-
rently iQore in the case of plants. Under <his p(^nt of view,
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Mr.3uckman*s recent experiments on plants seem extremely

valuj^le. When all or nearly all the individuals exposed to

cdWaTn conditions are affected in the same way, the change
at first ^appears to be directly due to such conditions ; but

in some cases it can be shown J;hat quite opposite conditions

produce similar changes of Structure. Nevertheless some
slight amount of change may, I think, be attributed to^the

direct action of ^e conditions of life—as, in some cases,

*i|icreased size from Amount of food, colour from particular

Snds of food and from li^t, and perhaps the thickness of

fur from climate.. ^ ^

^

Habit also nas a decided influence, as in the period of

flowering with ^Slants when transported from one climate to

another. In aninPals il has a more marked effect; for in-

stance, I find in the domestic duck that the bones of the

wing weigh less and the bones of the leg more, in proportion

to the whole skeleton, than do the same bones in the wild

duck
; and I presume that this change may be safely attrjjjpted

to the domestic duck flying much less, and walking more,
than its vpld parent. The great and inherited development
of the udders in cows and goats in countries where they arfi

habitually milked^ in comparison with the state of these

organs in other countries, is another instance of flfe effect

of use. Not a single domestic animal q^n be named which
has not in some country drooping ears ; and the view suggested*
by some authors, that the drooping is due to the disuse of
the muscles of the ear, from the animals not being much
alarmed by danger, teems probable. .. m
There arc many laws regulating variation, some few*of

which can be dimly seen, and will be J^ereafter briefly

^ifientione4- I will here only allude to what may be called

corrdiatiop of growth. Any change in the embryo or larfSi

will almost certainly entail changes in the mature animal.
In monstrosities, the correlations between quite distinct parts

are very curious ;|and many instances are given in Isidore

Geoffroy St. Hilaire's great work on this subject. Bre<iders

befJeve that long limbs are almost always accompanied by
^n elongated head. Some instances of correlation are quite
whimsical : thus cats with blue eyes are invariably deaf
colour and constitutional peculiarities go together, of which
many x'emaij^ble cases cfluld be given amo^st anjjnals and
plants. From thCi facts collected by Heusinger, it appears
that white ^eep and pigs are differently affected ^om coloured
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individuals by certain vegetable 5E)oisons. Hairless dogs have

imperfect teeth ;
long-haired and coarse-haired animal ; are

apt to have, as is asserted, long or many horjps
;
pigeon^ v.ith

feathered feet have skin between their outer toes
;

pigeons

with short beaks have small /eet, and those with long beaks

large feet. Hence, if man "goes on selecting, and thus

augmenting, any peculiarity, he will almost certainly uncon-
sciously modify other parts of the struct^:.re, owing to the

mysterious laws of the correlation of gVowth.

The. result of the various, qui^e unknown, or dimly seen

,
laws of variation is infinitely compK;v and diversified. It is

well worth while carefully to study, the several treatises pub-
lished on some of our old cultivated plants, as on the hyacinth,

potato, even the dahlia, &c. ; and It is
‘ really surprising to

note the endless points in structure and constitution in which
the varieties and sub-varieties differ slightly from each other.

The whole organisation seems to have becoiqe plastic, and tends

to c^part in some small degree from that of the parental type.

Any variation which is not inherited is unimportant for us.

But the number and diversity of inherital^le deviations of

Structure, both those of slight and those of considerable

physiological importance, is endless. Dr. Prosper Lucases

treatise; 7n two large volumes, is the fullest and the best on
this subject. No breeder doubts how strong is the tendency

^ to inheritance : like produces like is his fundamental belief

:

doubts have been thrown on this principle by theoretical

writers alone. When a deviation appears not unfrequently,

'’ud we see it in the father and child, v e cannot tell whether
it ^nay not be due to the same original cause acting on both ;

but when amongst individuals, apparently exposed to the same
conditions, any very rare deviation, due to some extraordinary
Jfembination of circumstances, appears in the parent—say,

once amongst several million individuals—and it reappears
in the child, the mere doctrine of chances almost compels
us to attribute its reappearance to inheritance. Every one
mu^ have heard of ca.ses of albinism, *prickly skin, hairy

bodies, &c., appearing in several members of the same faiiiily.

If strange and rare deviations of structure are truly inherited,

..Jess strange and commoner deviations may be freely admitted
to be inheritable. Perhaps the correct way of viewing the
whole sijbject, ^ould be, to look jft the inheritgg^ce of every
character whatever as the rule, and non-jnheritance as the
anomaly. •
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The laws governing inherifance are quite unknown ; no one
can kay why the same peculiarity in different individuals of

tht rame specie^?, and in individuals of different species, is

sometinjes inherited and sometimes not so
;
why the child

often reverts in certain chara.cters to its grandfather or

grandmother or other much fcore remote ancestor; why a

peculiarity is often transmitted from one sex to both saxes,

or to one sex alcaie, more commonly but not exclusively to

,.the like sex. It is % fact of some little importance to us,

that peculiarities appearing/ in the males of our domestic

breeds are often tratj^^uted either exclusively, or in a ^
much greater '^degree, to -males alone. A much more im-
portant rule, wTiich I think may be trusted, is that, at

whatever period of^life a peculiarity first appears, it tends to

appear in the offspring at a corresponding age, though some-
times earlier. In many cases this could not be otherwise

:

thus the inheritecj^ peculiarities in the horns of cattle could
appear only in the offspring when nearly mature

;
peculi^ities

in the silkworm are known to appear at the corresponding

caterpillar^or coQpon stage. But hereditary diseases and some *

other facts make me believe that the rule has a widef
extension, and tHtit when there is no apparent reason why
a peculiarity should appear at any particular age,^^t that

it does tend to appear in the offspring ^t the same period

at which it first appeared in the parent. I believe this rule^
to be of the highest importance in explaining the laws of

embryology. These remarks are of course confined to the

first appearance of tjie peculiarity, and not to its prima^
• catlse, which may have acted on the ovules or male element

;

in nearly the same manner as in the crossed offspring from
short-hojned cow by a long-horned bull, the greater length

^ of hbrn, though appearing late in life, is clearly due to tiffi

male element.

Having alluded to the subject of reversion, I may here
refer to a statement often made by naturalists—namely, that

our domestic varieues, when run wild, gradually but certainly

rei^rt in character to their aboriginal stocks. Hence it has
*been argfued that no deductions can be drawn from domestic
races to species in a state of nature. I have in vain er .,m

deavoured to discover on what decisive facts the above
statement h^s so often d'nd so boldly been* made^ There

, would be great difficulty in proving its truth : we may safely

conclude tifat very many of the most strongly-m^ked domestic
'
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varieties could not possibly liv^ in a wild state. In many

cases we do not know what the aboriginal stock was, a^jid so

could not tell whether or not nearly perfect reversion

ensued. It would be quite necessary, in order to prevent

the effects of intercrossing, ijiat only a single variety should

be turned loose in its new ‘home. Nevertheless, as our

vanieties certainly do occasionally revert in sonie of their

characters to ancestral forms, it seems to vie n®t improbable,

that if we could succeed in naturalising-, or were to cultivate,

during many ge-ncrations, the sWeral races, for ihstanccpof

the cabbage, in very poor soil (in w^ich c?ise, however, some
effect would have to be attributed^ to the direfct action of the

poor soil), that they would to a large extent, or even wholly,

revert to the wild aboriginal stock,. ’l/hethcr or not the

experim mt would succeed, is not of great importance for our

line of argument ;
for by the experiment itself the conditions

of life are changed. If it could be shown^ that our domestic

varjglies manifested a strong tendency to reversion,—that is,

to lose their acquired characters, whilst kept under unchanged
conditions, and whilst kept in a considerate body, so that

Tree intercrossing might check, by blending together, any
slight deviations of structure, in such case, I grant that we
could C3t-ducc nothing from domestic varieties in legard to

species. But there, is not a shadow of evidence in favour of
** this view : to assert that we could not breed our cart and
race-horses, long and short^horned cattle, and pdifitry of

various breeds, and esculent vegetables, for an almost iniinitc

^ifiLumber of generations, would be opp^^sed to all experience.
I*may add, that when under nature the conditions of Tife

do change, variations and reversions of character probably do
occur

; but natural selection, as will hereafter be explaineil,

^ill determine how lai the ncAV characters thus arising' shall -,

be preserved.
*

When we look to the hereditary varieties or races of our
domestic animals and plants, and compare them with species
closely allied together, we generally perceive in each domestic
race, as already remarked, less uniformity of character 'Viian
in true species. Domestic races of the same spools, also,

^j^ften have a somewhat monstrous character ; by which I
mean, Jhai., although differing from each other, and from the
other s[.j^'cics ^f the same genus, fn several tricing respects,
they often differ in an extreme degree in some one part, both

,

when compared one with another, and more esp^rcially \vhen
f r .
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compared Vith all the speciies in nature to which' they* are

nearest allied. With these exceptions (and !\yith that of the -

pcjft^t fertility of varieties when crossed, -r-ia subject hereafthjr.

to be discnssedjfJ domestic races of the same speCies differ

from ea«h other in the same manner as, only in ‘most cases'

in a lesser degree than, do clc»fily-allied species of the same ^

genus in a state of nature. I think this must be admitjjed,

when we find that there are hardly any dofiiestic races, either

amongst animals Sr gjants, which have not' been ranked hy
competent judges as mere varieties, and by other com-

petent judges as the rj^siPendants of aboriginally distinct

species. If any marked‘'d^istfnction existed beUveen domestic

races and specie^, this source of doubt could not so perpetually

recur. It lias ofteij been stated that domestic races do not

differ from each other in characters of generic value. I think

it could be shown that this statement is hardly correct
;
but

naturalists differ most widely in determining what characters

are of generic vakie ; all such valuations lieing at present

cnijiirical. Moreover, on the view of the origin of gCfllera

whicli I shall presently give, we have no right to expect

often to meet \tith generic dilTerences in our domesticated,

productions.
,

A\'hen we attempt to estimate the amount of stoctural

difference between the domestic races of the same species,

we arc soon involved in doubt, from ndt knowing whether
.have de.scended from one or several parent-species.

I'his i>oint, if it could be cleared up, would be interesting;

if, for instance, it could be sbowm that the greyhound, blood-

hound, terrier, spaniel, and bull-dog, which w’c all kngw'
propagate their kind so truly, were the offspring of any single

species, then such facts would ha\ie great wfiight in making
^is dpubt fibout the immutability of the many very closel.p

allied and% natural species—for instance, of the many foxes

—

inhabiting diifcrent quarters of the woild. I do not believe,

as we. shall presently see, that all our dogs have descended
from any one wild# species ;

but, in the case of some other

doij^.csiic racc’.s, there is presumptive, or even strong, evidence
jn favour cf this view.

It ha? often been assumed that man has chosen for

domesticaiion animals and plants having an extraordinary

inheient tendency to var);, and likewise to withstand diverse

climates. I^o not dispute that these capacities ha^ added
^ largely to tfi^ value of most of our domesticated|productions

;

• . I



24
^

ON THE ORi'gIN OF SPECIES,

but how could a savage possibly know, when he

an animal, whether it would vary in succeeding generajjions,

and whether it would endure other climates? Has th^httle

variability of the ass or guinea-fowl, or th4 small power of

endurance of warmth by the rein-deer, or of cold by the

common camel, prevented di^ir domestication ? I cannot

doubt that if other animals and plants, equal in number to

ourdomesticated productions, and belonging to cjqually diverse

classes and countries, were taken from state of nature, and

could be made to breed for an e;qual number of generatipjTS'

under domestication, they would on an average as largely

as the parent-species of our existing
^

domesticaVid productions

have varied. •

In the case of most of our anciently ^mesticated animals

and plants, I do not think it is possible to come to any

definite conclusion, whether they have descended from one
or several species. The argument mainly relied on by those

who believe in the multiple origin of our domestic animals is,

thaf^we find in the most ancient records, more especially on
the monuments of Egypt, much diversity in the breeds ; and
^hat some of the breeds closely resemble, perhaps aiC identical

with, those still existing Even if this lattfr fact w’ere found
more .^ctly and generally true than seems to me to be the

.

case, what does it show, but that some of our breeds originated

* there, four or five ‘thousand years ago ? But Mr. Horner’s
researches have rendered it in some degree probable that man
sufficiently civilised to have manufactured pottery existed in

the valley of the Nile thirteen or fourteen thousand years

Sgp; and who will pretend to say hbw long before th,ese

ancient periods, savages, like those of Tierra del Fuego or
Australia, who possess a .semi-domestic dog, may not hai^e
vvisted in Egypt?

The whole subject must, I think, remain vague ; never-
‘

theless, I may, without here entering on any details, state
that, from geographical and other considerations, I think it

highly probable that our domestic dogs hive descended from
sev&a! ivild species. In regard to sheep and goats I^i^^an
form no opinion. I should think, from facts communicated
to me by Mr. Blyth, on the habits, voice, and constitu-

tion, &c., of the humped Indian cattle, that these had
descended from a different aboriginal stock from our European
cattle

; alid sevfcral competent judges believe th:f: these latter
have had moj^ than one wild parent. With respect to horses,

If
'

first tamed
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from reason^ which I cannqt give here, I am doubtfully

inclin^ to believe, in opposition to several authors, that all

the^afes have descended from one wild stock. Mr. Blyth,

whose opinion, frc/m his large and varied stores of knowledge,
I should Kialue more than that of almost any one, thinks that

all the breeds of poultry have proceeded from the common
wild Indian fowl (Gallus bankiva). In regard to ducks and
rabbits, the breeds of which differ considerably from each

other in structure, I*do not doubt that they all have descended
frotti. the common wild duck yd rabbit. .

The doctrine of the or^in of our several domestic races

from several aboriginal sucks,* has been carried to an absurd
extreme by some {^uthors. They believe that every race which
breeds true, let the ^distinctive characters be ever so slight,

has had its wild prototype. At this rate there must have
existed at least a score of species of wild cattle, as many sheep,

and several goats in Europe alone, and several even within

Great Britain. Ona author believes that there formerly existed

in Great Britain eleven wild species of sheep peculiar to^!
When we bear in mind that Britain has now hardly one
peculiar m»mmalf and France but few distinct from those

,

of Germany and conversely, and so with Hungary, Spain, &c.,

but that each of these kingdoms possesses several j>ggpliar

breeds of cattle, sheep, &c., we must admit that many domestic

breeds have originated in Europe
;

for wiience could they

have b^en derived, as these several countries do not possess

a number of peculiar species as distinct parent-stocks? So
it is in India. Even in the case of the domestic dogs of the

whole world, which I Vully admit have probably descende^-

from* several wild species, I cannot doubt that there has been
animmense amount of inherited var^tion. Wko can believe

^at animaU closely resembling the Italian greyhound, the^i

Woodhound, the bull dog, or Blenheim spaniel, &c.—so unlike

all wild Canidas—ever existed freely in a state of nature ?

It has often been loosely said that all our races of dogs have

been produced by tjie crossing of a few aboriginal species;

but
Jjy

crossing we can get only forms in some degree inter-

mediate between their parents; and if we account for our
several domestic races by this process, we must admit the

former existence of the most extreme forms, as the Italian

greyhound, bloodhound, ljull-dog, fire., in the wild state.

Moreover, the«possibility of making distinct racffi by Cfossing

has been gr^tly exaggerated. There can be n^ doubt that
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a race may be modified by opcasional crosses, if aided by

the careful selection of those individual mongrelsw.which

present any desired character; but that a race cofil^ be

obtained nearly intermediate between two Vxtremely different

races or species, I can hardly believe. Sir J. Sd)right ex-

pressly experimentised for‘'rfhis object, and failed. The
offspring from the first cross between two pure breeds is

tfflerably and sometimes (as I have found^ with pigeons)

extremely uniform, and everything sccifis simple enough;

but when these mongrels are crossed one with -another^or

several generations, hardly twoVq^ them will be alike, and
then the extreme difliculty, or rather utter ho^ielcssness, of the*

task becomes apparent. Certainly, a breegl intermediate be-

tween /wt? very disthict breeds could not got without extreme

care and long-continued selection nor can I find a single

case on record of a permanent race having been thus formed.

On the Breeds of the Domestic Biycofi ,—Believing that it

is always best to study some special group, I have, after

dsiiberation, taken up domestic pigeons. I have ke])t every

breed which 1 could purchase or obtain, and have liecn most
kindly favoured with skins from several qiiafters of the world,

more especially by the Hon. W. Elliot from India, and by
the C. Murray from Persia. ]\Iany treatises in different

languages have been published on pigeons, and some of them
are very irnportartt, as being of considerable antiquity. I

have associated with several eminent fanciers, and hav.e been
permitted to join two of the London Pigeon Clubs. The
diversity of the Ijrecds is something astonishing. Compare

* tjie Englisl'. carrier and the short-facetl tumbler, and see the
wonderful chlfercnce in their beaks, entailing corresponding
differences in ^heir skull;?. The carrier, more especially fhe

n^male bird, is also remarkable from the wonderful develqnmen^r
of the carunculatcd skin about the head, and thit is accom-
panied by greatly elongated eyelids, very large external orifices
to the nostrils, and a wide gape of mouth.. The short-faced
tumbler has a beak in outline almost like that of a finch ;

an?i the common tumbler has the singular and strictljj in-
herited habit of flymg at a great height in a compact flocit,
and tu!n))lirjg in the air head over heels. The runt is a
biici of great size, with long, massive beak and large feet

;

some of the sub-br(*ed.s of runts Ijave very long necks, others
very Iqpg and tails, others singuk'irly shVt tails. The
ba*b is alliejji to the carrier, but, instead of a ve|y long beak,*

I /
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has a very short and very broa5 one. The pouter, has a much
elongakd body, wings, and legs

;
and its enormously developed

cropif \^ich it glories in inflating, may well excite astonish-

ment anc^ even laughter. The turbit has a very short and
conical beak, with a line of reversed feathers down the breast

;

and it has the habit of contiiflially expanding slightly the

upper part of the oesophagus. ** The jacobin has the feathcsss

so much reversed ak)ng the back of the neck that they form
a hood, and it has, proportionally to its size, much elongated

wing and tail feathers. The /trumpeter and laugher, as their

names express, utter a very #irierent coo from the other breeds.

The fantail has' thirty or even forty tail-feathers, instead of

twelve or fourteen® the normal number in all members of the

great pigeon family and these feathers are kept expanded,
and are carried so erect that in good birds the head and tail

touch; the oil-gland is quite aborted. Several other less

distinct breeds migjjt have been specified.

.

In the skeletons of the several breeds, the developm^t
of the bones of the face in length and breadth and curvature

diflers enorraousl);, The shape, as well as the breadth and
length of tfie ramus of the lower jaw, varies in a highly

remarkable manner? The number of the caudal and sacral

vertebra? vary
;
as does the number of the ribs, togethtf^th

their relative breadth and the presence o^ processes. The
size and shape of the apertures in the sternum are highly

variable; so is the degree of divergence and relative size of

the two arms of the furcula. The proportional width of the

gape of mouth, the proportional length of the eyelids, of the

orifice of tne nostrils, of the tongue (not always in strict?

correlation wjth the length of beak), the size o^ the crop and
irf fhe uppej- part of the oesophagus*; the development and
abortidh of the oil-gland

;
the number of the primary wing *

and caudal feathers; the relative length of wing and tail

to each other and to the body ; the relative length of leg and
of the feet ; the number of scutcllce on the toes, the develop-

ment of skin l>ctwe^n tiie toes, are all points of structiwe

whiefiTare variable. • The period at which the perfect plumage
is "acquire# varies, as does the state of the down with which
the nestling birds are clothed when hatched. The shape and
size of the eggs vary. The manner of flight differs remarkably

;

as does in sou^ breeds the Voice and disposition Lastly, in

certain breedi^ the males and females have comPyo dSfrer to

a sligj^t degree from each other.
'
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Altogether at least a score^ of pige9ns might be chosen,

which if shown to an ornithologist, and he were told #iat they

were wild birds, would certainly, I think, bv' ranked by IfSm as

well-defined species. Moreover, I do not behev^e that any

ornithologist would place the English carrier, the short-faced

tumbler, the runt, the barb? pouter, and fantail in the same

genus; more especially as in each of these breeds several

truly-inherited sub-breeds, or species as he nright have called

them, could be shown him. •

Great as the differences are \)etw'een the breeds of pigeons,

1 am fully convinced that the^cd^imon opinion of naturalists

is correct, namely, tliat all have descendcS from the rock-

pigeon (Columba livia), including undei^ this term several

geographical races or sub-species, which differ from each

other in the most trifling respects. As several of the reasons

which have led me to this belief are in some degree applicable

in other cases, I will here briefly give t]iem. If the several

lijreeds are not varieties, and have not proceeded from the

rock-pigeon, they must have descended from at least seven

or eight aboriginal stocks; for it is impq,ssible ^to make the

present domestic breeds by the crossing of any lesser number

:

how, for instance, could a pouter be produced by crossing two
unless one of the parent-stocks possessed the charac-

teristic enormous,crop ? The supposed aboriginal stocks must
all have been rock-pigeons, that is, not breeding or willingly

perching on trees. But besides C. livia, with its geographical
sub-species, only two or three other species of rock-pigeons
are known

;
and tl ^se have not any jof the characters of the

•domestic breeds. Hence the supposed aboriginal stocks
must either ^ill exist in the countries where they were origin-

ally domesticated, and* yet be unknown to ojnithologiste*;
^ and this, considering their size, habits, and remarkable cha-

racters, seems very improbable ; or they must fiave become
extinct in the wild state. But birds breeding on precipices,
and good fliers, are unlikely to be exterminated ; and the
common rock-pigeon, which has the ^ame habits with the
domestic breeds, has not been exterminated even on several
of the smaller British islets, or on the shores ofi^the Medi-
terranean. Hence the supposed extermination of so many
species having similar habits with the rock-pigeon seems to
me a ver^ash assumption. Moreover, th^ several above-
nameS donraticated breeds have been transported to all parts
of the world, and, therefore, some of them mbst have been

I I
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carried back again into their luftive country ; but not one has
ever belpme wild or feral, though the dovecot-pigeon, which
is th^ rock-pigeon in a very slightly altered state, has become
feral in several places. Again, all recent experience shows
that it is most difficult to get any yvild animal to breed freely

under domestication
;
yet on th^ hypothesis of the multiple

origin of our pigeons, it must be assumed that at least seven-

or eight species wern so thoroughly domesticated in ancient

times by half-civilised mail, as to be quite prolific under con-

finement.
' ^

An argument, as it secrift |o me, of great weight, and
applicable in sevSral other oases, is, that the above-specified

breeds, though agreeing generally in constitution, habits, voice,

colouring, and in moA pajrts of their structure, with the wild

rock-pigeon, yet are certainly highly abnormal in other parts of

their structure : we may look in vain throughout the whole great

family of Columbidae for a beak like that of the English carrier,

or that of the shorf-faced tumbler, or barb
;

for reversed

feathers like those of the jacobin ; for a crop like that of th?
pouter

; for tail-feajhers like those of the fantail. Hence it

must be assumed not only that half-civilised man succeeded
in thoroughly domesftcating several species, but that he inten-

tionally or by chance picked out extraordinarily abnv::fiiial

species ; and further, that these very species have since all

become extinct or unknown. So many strange contingencies

seem to me improl>able in the highest degree.

Some facts in regard to the colouring of pigeons well deserve

consideration. The roeje-pigeon is of a slaty-blue, and has

a white run^p (the Indian sub-species, C. intermedia ofm

Strickland, having it bluish); the tail has a terminal dark

bar,•with the bases of the outer feathers externalfy edged with

v\jbite;nhe wings have two black bars; some semi-domestic

breeds and ^ome apparently truly wild breeds have, besides

the two black bars, the wings chequered with black. These
several marks do not occur together in any other species of

tne whole family. N4w, in every one of the domestic breed5>

taking thoroughly well bred birds, all the above marks, even

to <he whitgf edging of the outer tail-feathers, sometimes concur
perfectly developed. Moreover, when two birds belonging to

two distinct breeds are crossed, neither of which is blue or

has any of the above-specihed marks, the mon^el offspring

aje very apt sucfdenly to acquire these characters ;Ifer in^lance,

. I crossed sonJe uniformly white fantails with somd uniformly
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Ijlack barbs, and they produced mottled brown and black

birds; these I again crossed together, and one grandchild

of the pure white fantail and pure bkek barb was»-of as

beautiful a blue colour, with the white rump, double black

wing-bar, and barred antj. white-edged tail-feathers, as any

wild rock-pigeon ! We can understand these facts, on the

cwell-known prineijile of reversion to ancestral characters, if

all the domestic breeds have descended <from the rock-pigeon.

But if we deny this, we must make one of the two following

highly improbable suppositioik. Either, firstly, that all the

several imagined aboriginal s^oc^s w'ere coloured and marked
like the rock-pigeon, although na other existing species is thus

coloured and marked, so that in each Separate breed there

might be a tendency to revert to.the'Very same colours and
markings. Or, secondly, that each breed, even the purest,

has within a dozen or, at most, within a score of generations,

been crossed by the rock-pigeon : I say within a dozen or

^^enty generations, for we know of no fact countenancing the

belief that the cinld ever reverts to some one ancestor, rc

moved by a greater number of generations^ In a breed whici

has been crossed only once with some distinct breed, the

tendency to reversion to any character derived from such cross

v^iix^aturaliy become less and less, as in each succeeding
generation ther^ will be less of the foreign blood

;
but when

there has been no cross with a distinct breed, and there is a
tendency in both parents to revert to a character, which has
been lost during some former generation, this tendency, for

all that we can see to the contrary, may be transmitted un-
• diminished for an indefinite number of generations. -These
two di.stinc^ cases are often confounded in treatises on
inheritance. • •

Lastly, the hyliiids or mongrels from between*" all tiie

domestic breeds of pigeons are perfectly fertile.* I can state

this from niy own observations, purposely made on the most
distinct breeds. Now, it is difficult, perhaps impassible, to
4iring forward one case of the hybrid olfsiiring of two animals
dearly disiinct being themselves perfectly fertile. Some
authors lielieve that long-continued dornesticatiolw eliminates
thi'^ stiong tendency to sterility : from the history of the dog
I think there is some probability in this hypothesis, if applied
to si^{ ic.s dosely dilated together, though it^is unsupported
by afingle^'periment. But to extend the hypothesis so feir

as to su];^fose that species, aboriginally as distifict as carriers,
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J tumblers, pouters, and fantails n|>w are, should yield offspring

fSperfectly/ertile, inter se^ seems to me rash in the extreme.

H From %iese several reasons, namely, the improbability of

Iman having formerif got seven or eight supposed species of

;’^'])igeons to breed freely under domestication; these supposed

f species being quite unknown in a wi^d slate, and their becoming

nowhere feral
;
these species having very abnormal characters

pii certain respects, as compared with all other ColiimbidEe,'*

i'though so like in mosl^other respects to the rock-pigeon ; the

fblue colour and various fiiarks. occasionally ajipearing in all

'the breeds, both when kept^pure and Aviien crossed; the

mongrel offs[)ring Jieing perfectly fertile ;—from these several

reasons, taken toge^ier, I c5n feel no doubt that all our

dcunestic breeds have^descended from the Columba livia

with its geograplucal sub-species.

In favour of this view, 1 may add, firstly, that C. livia, or

the rock-pigeon, has been found capable of domestication in

Europe and in Indian and that it agrees in iuibits and in a

great number of points of structure with all tlie domestifipi^

breeds. Secondly, altliough an English carrier or short-faced

^tumbler diffei# iinm<»nsely in certain characters from the rock-

pigeon, yet by comoaring the several siib-lireeds of these

breeds, more esjieciaJly those brought from distant countries,

we can make an almost perfect series between the extremes

of structure. 'J'lvirdly, those characters which are mainly
instinctive of each bleed, for instance the w’attic and length

of beak of llie carrier, tlie shortness of that oi the tumbler,

and the number of tail-feathers in the fantail, are in each
Ijrecd ^eminently variable; and the explanation of this fact

will be obvioiij wlien we come to treat of selection. Fourthly,
^

pigcciiis have been watched, and tended with the utmost care,

and lo^d by^ nuiiiy people. They have been domesticated
foi thousandii of years in several quarters of the world; the

eailiest known record of pigeons is in the tifth ^Egyptian
dynasty, about 3000 e.c., as was pointed out to me by Pro-

ft-.bor Lepsius
;

but Mr. Biich informs me that pigeons are

given in a bill of hire in the previous dynasty. In the time
of the Ron^iris, as we hear from Pliny, immense prices were
given for p'.geuns; “nay, they are come to ih’s pass, that

they can reckon up their [ledigree and race.” Pigeons were
.much valued by Akber Khan in India, about the year 1600

;

,^;ncver less than 20,000 pigeons were taken witk^the ^urt.
The inonarchs of Iran and Turan sent him sorne^ very rare
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birds ;
” and, continues the Courtly historian, “ His Maje

by crossing the breeds, which method was never ^ractis

before, has improved them astonishingly.” About ^ij sa

period the Dutch were as eager about pigeons as were

old Romans. The paramount importance of these conside

tions in explaining the iiij^mense amount of variation wh
pigeons have undergone, will be obvious when we treat

'Selection. We shall then, also, see how it is tjiat the bre«

so often have a somewhat monstrous (Character. It is als

most favourable circumstance for the production of disti

breeds, that male and female pjgeons can be easily mated
life ; and thus different breeds can be kept together in

same aviary.

I have discussed the probable orig^ of domestic pigec

at some, yet quite insufficient, leligth
; because when 1 fi

kept pigeons and watched the several kinds, knowing w

how true they bred, I felt fully as much difficulty in believi

that they could ever have descended from a common pare

T>?.s any naturalist could in coming to a similar conclusion

regard to the many species of finches, or other large groups

birds, in nature. One circumstance haj struck me muc
fiamely, that all the breeders of the various domestic anim
and^the cultivators of plants, with whom I have ever conversi

or whose treatises I have read, are firmly convinced that t

several breeds to which each has attended, are descend
from so many aboriginally distinct species. Ask, as I ha

asked, a celebrated raiser of Hereford cattle, whether 1

cattle might not have descended from long-horns, and
will laugh you to scorn. I have never met a pigeon,
poultry, or duck, or rabbit fancier, who was not fully cc

vinced that each main breed was descended from a di.®tir

species. Van Mons, in his treatise on pears and applet, sho
how utterly be disbelieves that the several sorts, for instan

a Ribston-pippin or Codlin-apple, could ever have proceed*
from the seeds of the same tree. Innumerable other exampl
could be given. The explanation, I think, is simple : fro

long-continued study they are strongiy impressed with tl

differences between the several races
; and though they w<

know that each race varies slightly, for they win *their priz

by selecting such slight differences, yet they ignore all gener
arguments, and refuse to sum up in their minds sligl

diffejence^^'^cumulated during many successive generation
May not /those naturalists who jwing far l^;ss of the lav
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. inheritance than does the breeder, and knowing no more
.n he does of the intermediate links in the long lines of

x:enk, yet adnjit that many of our domestic races have
» ;?ended from the same parents—may they not learn a lesson

cautioft, when they deride the idea of species in a state of

cure being lineal descendants other species ?

Selection,—Let us now briefly consider the steps by whi»h
ipestic races have been produced, either from one or from
/eral allied species. ^Some little effect may, perhaps, be
ributed to- the direct action of the external conditions of

j, and some little to hal^t ; but he would be a bold man
lo would account by such ^gfencies for the differences of a
ay and race hosse, a greyhound and bloodhound, a carrier

d tumbler pigeon^ One of the most remarkable features

our domesticated races *is that we see in them adaptation.

It indeed to the animal’s or plant’s own good, but to man’s
e or fancy. Some variations useful to him have probably
isen suddenly, or by one step

;
many botanists, for instance,

:lieve that the fuller’s teazle, with its hooks, which caniidC

; rivalled by any mechanical contrivance, is only a variety
' the wild l^ipsaeus ; and this amount of change may have
iddenly arisen in a seedling. So n has probably been with
le * turnspit dog

;
and this is know i to have been the-^ragf

ith the ancon sheep. But when we compare the dray horse
id race horse, the dromedary and camel, Ae various breeds
f sheep fitted either for cultivated land or mountain pasture,

ith the wool of one breed good for one purpose, and that
r another breed for another purpose

\ when we compare the
lany breeds of dogs, each good for man in very different
ays; when we compare the game-cock, so pertinacious in

atfcle, with other breeds so little quarrelsomef with “ever-
stingiflayery” w'hicli never desire to sit, and with the bantam
) small and^ elegant

;
when we compare the host of agricultural,

alinary, orchard, and flower-garden races of plants, most
seful to man at different seasons and for different purposes,
r so beautiful in his eyes, we must, I think, look further thyi
) mere variability. nVe cannot suppose that all the breeds
ore suddenly produced as perfect and as useful as we now
ie them

; indeed, in several cases, we know that this has not
eeil their history. The key is man’s power of accumulative
Section : nature gives successive variations

\ man adds them
• p in certain directions usc^d to him. In tfiis^'^^rise may
3 said to mike for himsv :seful breeds.

'
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The great power of this principle of selection is not

hypothetical. It is certain that several of our eminent bjjeeders

have, even within a single lifetime, modified to a large^-extent

some breeds of cattle and sheep. In order fully to realise

what they have done, it is almost necessary to read several

of the many treatises devoted to this subject, and to inspect

th,e animals. Breeders habitually speak of an animal's or-

ganisation as something quite plastic, which they can model

almost as they please. If I had spaceJ c6uld qiiote numerous

passages to this effect from highly*' competent authorities.

Youatt, who was probably better^acquainted with the works

of agriculturists than almost any* other individual, and who
was himself a very good judge of an anir^al, speaks of the

])rmciple of selection as “ that which en.^)les the agriculturist,

not only to modify the character di his flock, but to change

it altogether. It is the magician's wand, by means of which

he may summon into life whatever form and mould he
pleases.” Lord Somerville, speaking of^what breeders have

drne for sheej), says :
—

“ It would seem as if they had chalked

out upon a wall a form perfect in itself, and then had given

it existence.” That most skilful breeder, Sir J^phn Sebright,

used to say, with respect to pigeons, that he would produce
any given feather in three years, but it would take him six

ySars' to obtain head and beak.” In Saxony the importance
of the principle of selection in regard to merino sheep is so

fully recognised, that men follow it as a trade : the sheep
are placed on a table and are studied, like a picture by a
connoisseur

;
this is done three times at intervals of months,

•and the sheep are each time marked and classed, so
^
that

the very best may ultimately be selected for breeding.

What English breeders have actually effected is proved
by the enormous prices given for animals with a good pedigree

;

and these have now been exported to almost every quarter
of the world. The improvement is by no means generally

due to crossing different breeds
; all the best breeders are

strongly opposed to this practice, except sometimes amongst
closely allied sub-breeds. And when a (!ross has been made,
the closest selection is far more indispensable than jn
ordinary cases. If selection consisted merely in separating
some very distinct variety, and breeding from it, the principle
would he so obvious as hardly o be worth notice

;
but its

importance jpnsists in the great effect produced by the
accuinulati(fn*in one direction, during successive generations,
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,

of differences absolutely inappreciable by an uneducated

differences which I for one have vainly attempted to appre-

ciate. ^ Not one ii?an in a thousand has acciiraty o^t^yei^and

judgment sufficient to become an eminent breeder. If gifted

with these qualities, and he studies his subject fc^ jears, and
devotes his lifetime to it with indomitable perseverance, he
will succeed, and may make great improvements ;

if he warfCs

any of these qualities, he will assuredly fail. Few would
readily believe in the natural capacity and years of practice

requisite to become even a skilful pigeon-fancier.

The same principles arc* followed by horticulturists; but

the variations ar^ here often nnore abrupt. No one supposes

that our choicest {Productions have been produced by a single

variation from the alfcriginal stock. We have proof that this

is not so in some cases, in which exact records have been
kept; thus, to give a very trifling instance, the steadily-

increasing size of the common gooseberry may be quoted.

We see an astonishTng improvement in many florists* flowery
when the flowers of the present day are compared with

drawings made only twenty or thirty years ago. When a race

of plants is once pretty well established, the seed-raisers do
not pick out the b^St plants, but merely go over their seed-

beds, and pull up the “rogues,** as they call the plants^Hl*^

deviate from the proper standard. With animals this kind
of selection is, in fact, also followed; for Jiardly any one is

so careless as to allow his worst animals to breed.

In regard to plants, there is another means of observing
the accumulated effects of selection—namely, by comparing
the -diversity of flowers in the different varieties of the same*
species in the flower-garden

; the diversity of leaves, pods, or
tubers, or whatever part is valued, in the kitchen-garden, in

c4)mpaTison with the flowers of the same varieties; and the
diversity of' fruit of the same species in the orchard, in

comparison with the leaves and flowers of the same set of
varieties. See how different the leaves of the cabbage are,

and how extremely a^ke the flowers
; how unlike the floweft

of the heartsease are, and how alike the leaves; how much
thd fruit of the different kinds of gooseberries differ in size,

colour, shape, and hairiness, and yet the flowers present very
slight differences. It is not that the varieties which differ

largely in some,one point do* not differ at all in other points

;

this is hardly ever, perhaps never, the case. (I'he laVs of
• correlation of^growth, the importance of which should never
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be overlooked, will ensure some differences ; but, as a general

rule, I cannot doubt that the continued selection o^ slight

variations, either in the leaves, the flowers, or the fruit, rwill

produce races differing from each other chiefly^ in their

characters. t

It may be objected that» the principle of selection has

bt;en reduced to methodical practice for scarcely more than

three-quarters of a century ;
it has certainly been more

attended to of late years, and mr'iy treatises have been
published on the subject; and the result, I may add, has

been, in a corresponding degree, ^ rapid and important. But
it is very far from true that the principle is a inodern discovery.

I could give several references to the fuir acknowledgment
of the importance of the principle in woiks of high antiquity.

In rude and barbarous periods of English history choice

animals were often imported, and laws were passed to prevent

their exportation : the destruction of horses under a certain

size was ordered, and this may be compared to the “ roguing ”

St* plants by nurserymen. The principle of selection I find

distinctly given in an ancient Chinese encyclopaedia. Explicit

rules are laid down by some of the Roman classical writers.

From passages in Genesis, it is clear that the colour of domestic
aMNHMls was at that early period attended to. Savages now
sometimes cross their dogs with wild canine animals, to improve
the breed, and they formerly did so, as is attested by passages

in Pliny. The savages in South Africa match their draught
cattle by colour, as do some of the Esquimaux their teams
of dogs. Livingstone shows how much good domestic breeds
(are valued by the negroes of the interior of Africa who have
not associated with Europeans. Some of these facts do not
show actual selection,* but they show that the breeding' of

domestic animals was carefully attended to in ancient "limes,

and is now attended to by the lowest savages. It would,
indeed, have been a strange fact, had attention not been paid
to breeding, for the inheritance of good and bad qualities

so obvious.

At the present time, eminent breeders try by methodical
selection, with a distinct object in view, to make new strain

or sub-breed, superior to anything existing in the country.

But, for our purpose, a kind of Selection, which may be called

Unconscious, and which results* from every ,one trying to

posseiH an<^jpreed from the best individual animals, is more
important. Thus, a man who intends keejping pointers
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naturally tries to get as good dogs as he can, and afterwards

breeds from his own best dogs, but he has no wish or

exp^pt^ion of permanently altering the breed. Nevertheless

I cannot doubt that this process, continued during centuries,

would inl^t^rove and modify any Jbreed, in the same way as

Bakewell, Collins, &c., by this v^ry same process, only carried

on more methodically, did greatly modify, even during thrii

own lifetimes, the forms and qualities of their cattle. Slow

and insensible changes qf this kind could never be recognised

unless actual ‘measurements or careful drawings of the breeds

in question had been mad% long ago, which might serve for

comparison. lit some cases^ however, unchanged or but little

changed individuals of the same breed may be found in less

civilised districts, where Jhe breed has been less improved.

There is reason to believe that King Charles’s spaniel has

been unconsciously modified to a lartje extent since the time

of that monarch. Some highly competent authorities are

convinced that the •setter is directly derived from the spaniel,

and has probably been slowly altered from it. It is knovrTT

that the English pointer has been greatly changed within the

last century, «ind in this case the change has, it is believed,,

been chiefly effected by crosses with the foxhound ; but what
concerns us is, that the change has been effected unconsejp^'diL

and gradually, and yet so effectually, that, though the old
Spanish pointer certainly came from Spain* Mr. Borrow has
not seen, as I am informed by him, any native dog in Spain
like our pointer.

By a similar process of selection, and by careful training,

the. whole body of English racehorses have come to surpasii

in fleetness and size the parent Arab stock, so that the
latter, by the regulations for the Goodwdod Race?, are favoured
pi tte weights they carry. Lord Spencer and others have
shown how the cattle of England have increased in weight and
in early maturity, compared with the stock formerly kept in
this country. By comparing the accounts given in old pigeon
treatises of carriers and tumblers with these breeds as now
existing in Britain, India, and Persia, we can, I think, clearly

trace the ^ages through which they have insensibly passed,
and come to differ so greatly from the rock-pigeon.

Youatt gives an excellent illustration of the effects of a
course of selection, which nttiy be considered as unconsciously
followed, in so far that the breeders could never have expected
or even have wished to have produced the result wnich ensued

—
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namely, the production of two distinct strains. The two

flocks of Leicester sheep kept by Mr. Buckley and Mr. B irgess,

as Mr. Youatt remarks, “have been purely bred from^ythe

original stock of Mr. Bakewell for upwards of fifty years.

There is not a suspicion existing in the mind of any one

at all acquainted with the subject that the owner of either of

thxjm has deviated in any one instance from the pure blood

of Mr. Bakeweirs flock, and yet the diferenpe between the

sheep possessed by these two gentleqjen is so great that they

have the appearance of being quite different varieties."

If there exist savages so barbarous as never to think of the

inherited character of the offspring of their domestic animals,

yet any one animal particularly useful to them, for any special

purpose, would be carefully preserved • during famines and
other accidents, to which savages are so liable, and such
choice animals would thus generally leave more offspring than

the inferior ones
;
so that in this case there would be a kind

of unconscious selection going on. We see the value set on
Thiimals even by the barbarians of Tierra del Fuego, by their

killing and devouring their old women, in times of dearth,

as of less value than their dogs. c

In plants the same gradual process of invprovement, through
Jjj^^ccasional preservation of the best individuals, whether
or not sufficiently distinct to be ranked at their first appearance
as distinct varieties, and whether or not two or more species

or races have become blended together by crossing, may
plainly be recognised in the increased size and beauty which
we now see in the varieties of the heartsease, rose, pelargonium,
j^ahlia, and other plants, when compared with the older
varieties or with their parent-stocks. No one would ever
expect to gel? a first-riite heartsease or dahlia from the seed
of a wild plant. No one would expect to raise a fifSt-ratp

melting pear from the seed of the wild pear, though he might
succeed from a poor seedling growing wild, if it had come
from a garden-stock. The pear, though cultivated in classical

times, appears, from Pliny’s description, to have been a fruit

of very inferior quality. I have seen gri,at surprise expressed
in horticultural works at the wonderful skill of gardeners, -in

having produced such splendid results from such poor materials

;

but the art, I cannot doubt, has been simple, and, as far

as the final result is concerned,* has been followed almost
uncoq^ciousl^L It has consisted in always cultivating the bes^
known variety, sowing its seeds, and, when a blightly better
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variety has chanced to appear, selecting it, and so onwards.

But thf gardeners of the classical period, who cultivated the

best^pear they could procure, never thought what splendid

fruit we should eat; though we owe our excellent fruit, in

some smill degree, to their haying naturally chosen and
preserved the best varieties they# could anywhere find.

A large amount of change in our cultivated plants, thuc

slowly and unconscicjusly accumulated, explains, as I believe,

the well-known fact, that^'n a vast number of cases we cannot

recognise, and therefore do not know, the wild parent-stocks

of the plants which have bean longest cultivated in our flower

and kitchen gardens. If it has*takcn centuries or thousands

of years to improve or modify most of our plants up to their

present standard of ua^fulness to man, we can understand how
it is that neither Australia, the Cape of Good Hope, nor any
other region inhabited by quite uncivilised man, has afforded

us a single plant worth culture. It is not that these countries,

so rich in species, do not by a strange chance possess the

aboriginal stocks of any useful plants, but that the native

plants have not been improved by continued selection up to

a standard of
.
perfection comparable with that given to the

plants in countries anciently civilised.

In regard to the domestic animals kept by uncivilised

it should not be overlooked that they almost always have
to struggle for their own food, at least during* certain seasons.

And in two countries very differently circumstanced, individuals

. of the same species, having slightly different constitutions or

structure, would often succeed better in the one country than
in the.- other, and thus by a process of “ natural selection,” as «

: will hereafter be more fully explained, two sub-breeds might
be formed. This, perhaps, partly exp’iains whSt has been
rqniarfced by*' some authors, namely, that the varieties kept
by savages tfave more of the character of species than the
varieties kept in civilised countries.

On the view here given of the all-impgrtant part which
selection by man has played, it becomes at once obvious,..

how it is that our dcimestic races show adaptation in their

structure or^in their habits to man’s wants or fancies. We
can, I think, further understand the frequently abnormal
character of our domestic races, and likewise their differences
being so great in external characters and relatively so slight

in internal parts or organs. Man can hardly select, or %)nly
with much difficulty, any deviation of structure excepting
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such as is externally visible
; and indeed he rarely cares for

what is internal. He can never act by selection, e>j:epting

on variations which are first given to hipa in some slight

degree by nature. No man would ever try to make a fantail,

till he saw a pigeon with a tail developed in some slight

degree in an unusual mannep*, or a pouter till he saw a pigeon
lyith a crop of somew^hat unusual size

;
and the more abnormal

or unusual any character was when it first appeared, the more
likely it would be to catch his attenjion.* Bui to use such an
expression as trying to make a fantail, is, I have no doubt,
in most cases, utterly incorrect. ^ The man who first selected

a pigeon with a slightly larger^ tail, never dreamed what the
descendants of that pigeon would becqpe through long-

continued, partly unconscious and partly methodical selection.

Perhaps the parent bird of all fantails had only fourteen tail-

feathers somewhat expanded, like the present Java fantail, or
like individuals of other and distinct breeds, in which as many
as seventeen tail-feathers have been counted. Perhaps the

^first pouter-pigeon did not inflate its crop much more than
the turbit now does the upper part of its oesophagus,—a habit
which is disregarded by all fanciers, as it is pot one of the
points of the breed. ,

^^-^Nor let it be thought that some great deviation of structure
would be necessary to catch the lancier^s eye : he perceives
extremely small differences, and it is in human nature to value
any novelty, however slight, in one's own possession. Nor
must the value which would formerly be set on any slight

differences in the individuals of the same species, be judged
of by the value which would now be set on them, after several
breeds have once fairly been established. Many slight
differences Inight, and indeed do now, arise amongst pigeons,
which are rejected as faults or deviations from- the sT.'^ndard
of perfection of each breed. The common goose has riot

given rise to any marked varieties
; hence the Thoulouse and

the common breed, which differ only in colour, that most
Jleeting of characters, have lately been exhibited as distinct-
at cur poultry-shows. i

I think these views further explain what has sori?,etimes l^pen
no’ iced—namely, that we know nothing about the origin or
history of any of our domestic breeds. But, in fact, a breed,
like a dialect of a language, can hardly be said to have had
a c||ifinite origin. A man preserves and breeds from an
•ndividual with some slight deviation of stri\pture or takes
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more care than usual in matching his best animals and thus

improvfs them, and the improved individuals slowly spread

in t^e immediate neighbourhood. But as yet they will hardly

have a distinct name, and from being only slightly valued,

their history will be disregarded. When further improved by

the same slow and gradual pro<jess, they will spread more
widely, and will get recognised as something distinct an<i

valuable, and will then probably first receive a provincial

name. In semi-civilTsed countries, with little free communica-
tion, the spreading and knowledge of any new sub-breed wull

be a slow process. As soon ^s the points of value of the new
sub-breed are once fully acjcnowledged, the principle, as I

have called it, o^ unconscious selection will always tend,

—

perhaps more at onQ; period than at another, as the breed
rises or falls in fashion,—perhaps more in one district than in

another, according to the state of civilisation of the inhabit-

ants,—slowly to add to the characteristic features of the breed,

whatever they may Ije. But the chance will be infinitely small

of any record having been preserved of such slow, varying,^

and insensible changes.

I must now, say a few words on the circumstances, favour-

able, or the reverse, to man's power of selection. A high
degree of variability is obviously favourable, as freely givinc

the materials for selection to work on
;

not that mer^
individual differences are not amply sufficient, with extreme
care, to allow of the accumulation of a large amount of

modification in almost any desired direction. But as

variations manifestly useful or pleasing to man appear only
occasionally the chance of their appearance will be much
increased by a large number of individuals being kept

; and
hence this comes to be of the highest knportancxj to success.

On Uus prirt:iple Marshall has remarked, with respect to the
sTieep of pafts of Yorkshire, that “ as they generally belong
to poor people, and aie * mostly in small lots^ they never can
he improved.” On the other hand, nurserymen, from raising

large stocks of the same plants, are generally far more
successful than amateijirs in getting new and valuable varieties

The keeping of a large number of individuals of a species in

any country requires that the species should be placed under
favourable conditions of life, so as to breed freely in that

country. When the individuals of any species are scanty, all

the individuals, whatever their quality may be, will generally
^

Be allowed to^^reed, and this will effectually prev^t selection.
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But probably the most important point of all, is, that the animal

or plant should be so highly useful to man, or so mucif- valued

by him, that the closest attention should be paid to eve/i the

slightest deviation in the qualities or structure of each individual.

Unless such attention be paid nothing can be effected. I

have seen it gravely remarkt^, that it was most fortunate that

tjie strawberry began to vary just when gardeners began to

attend closely to this plant. No doubt thej strawberry had
always varied since it was cultivateij, but the slight varieties

had been neglected. As soon, however, as gardeners picked

out individual plants with sligl^tly larger, earlier, or better

fruit, and raised seedlings from them, and oigain picked out

the best seedlings and bred from them, thon, there appeared
(aided by some crossing with distinct « species) those many
admirable varieties of the strawberry which have been raised

during the last thirty or forty years.

In the case of animals with separate sexes, facility in

preventing crosses is an important element of success in the

^rmation of new races,—at least, in a country which is already

stocked with other races. In this respect enclosure of the

land plays a part. Wandering savages or the r inhabitants of

open plains rarely possess more than one breed of the same
jj^^'cies. Pigeons can be mated for life, and this is a great

convenience to the fancier, for thus many races may be kept
true, though mingled in the same aviary ; and this circum-

stance must have largely favoured the improvement and
formation of new breeds. Pigeons, I may add, can be
propagated in great numbers and at a very quick rate, and

;
inferior birds may be freely rejected, as when killed they
serve for food. On the other hand, cats, from their nocturnal
rambling habits, canirot be matched, and, although so much
valued by women and children, we hardly ever ^ee a 4’^in9t
breed kept up

]
such breeds as we do sometimes see are

almost always imported from some other country, often from
islands. Although I do not doubt that some domestic
miimals vary less than others, yet the rarity or absence of

distinct breeds of the cat, the donkey,\ peacock, goose, &c.,

may be attributed in main part to selection not leaving been
brc'ight into play: in cats, from the difficulty in pairing them;
in donkeys, from only a few being kept by poor people, and
little attention paid to their breeding

; in peacocks, from not
,
beinj^ very easily reared and a large stock not kept ;

in geese,

from being yaluable only for two purposes, food* and feathers,
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l^^and more especially from no pleasure having been felt in the

^display df distinct breeds.

?! TO|gum up on the origin of our Domestic Races of animals

Sand plants. I believe that the conditions of life, from their

ruction on <he reproductive system,, are so far of the highest

limportance as causing variability. I do not believe that

^'Variability is an inherent and necessary contingency, under all

^circumstances, with ajj organic beings, as some authors have
? thought. The effects of variability are modified by various

S,degrees of in-heritance and of reversion. Variability is

?governed by many unknown kws, more especially by that of

correlation of groi^th. Something may be attributed to the

direct action of thar conditions of life. Something must be
attributed to use and dwuse.^ The final result is thus rendered
infinitely complex. In some cases, I do not doubt that the

intercrossing of species, aboriginally distinct, has played an
important part in the origin of our domestic productions.

When in any country several domestic breeds have once been
established, their occasional intercrossing, with the aid of
'jBelection, has, no doubt, largely aided in the formation of new
•ub-breeds ; but the importance of the crossing of varieties

fiias, I believe, been greatly exaggerated, both in regard to

i^janimals and to those plants which are propagated by seed.

-

;^ln plants which are temporarily propagated by cuttings,

f^uds, &c., the importance of the crossing Both of distinct

J^ipecies and of varieties is immense
;
for the cultivator here

Cj^uite disregards the extreme variability both of hybrids and
jiiongrels, and the frequent sterility of hybrids

; but the cases
j'bf plants not propagated by seed are of little importance to us,

|br their endurance is only temporary. Over all tljiese causes
'4pf Change I am convinced that the accumulative action of
'^elfctfWh, whether applied methodically and more quickly, or
|mconsciously*ancl more slowly, but more efficiently, is by far

;^be predominant Power.
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Variation under Nature.
%

Variability—Individual differences— Doubtful species

—

Wide ranging,

much diffused, and common species vary moi?— Species of the larger

genera in any country vary more thanrthe species of the smaller

genera—Many of the sj^ecies of thd larger genera resemble varieties

in being very closely, but unequally, related to each other, and in

having restricted ranges.

Before applying the principles arrived hi in the last chapter

X) organic beings in a state of nature, we must briefly discuss

whether these latter are sul)ject to any variation. To treat

this subject at all properly, a long catalogue of dry facts

should be given
;
but these I shall reserv'e for my future work.

**Nor shall I here discuss the various definitions which have
been given of the term species. No one definition has as yet

satisfied all nifturalists
;

yet every naturalist knows vaguely
what he means when he speaks of a species. Generally the
term includes the unknown element of a distinct act of
creation. 'Phe term “ variety ” is almost equally difficult to

define; but here community of descent is almost universally

implied, though it can rarely be proved. We have also what
are called monstrosities

; but they graduate into varfeties.

By a monstrosity I presume is meant some con^fdfera^^le

deviation of structure in one part, either injurious to or not
useful to the species, and not generally propagated. Some
authors use the term “ variation in a technical sense, as

• implying a modification directly due to the physical conditions
of life

;
and “ variations ” in this seiiselare supposed not to be

inherited : but who can say that the dwarfed’^conditiofi of
shells in the brackish waters of the Baltic, or dwarfed plants
on Alpine summits, or the thicker fur of an animal from far
northwards, would not in some* cases be inherited for at least
soifie fewjgenerations ? and in this case I presume that t^^e
form woufi be called a variety. #
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Again, we have many slight differences which may be called

individusft differences, such as are known frequently to appear

in thoi offspring from the same parents, or which may be
presumed to have thus arisen, from being frequently observed

in the individuals of the same species inhabiting the same
confined locality. No one supposes that all the individuals

of the same species are cast in the very same mould. These

'

individual differences ^re highly important for us, as they

afford materials for naturii selection to accumulate, in the

same manner as man can accumulate in any given direction

individual differences in his do:5iesticated productions. These
individual differences generally affect what naturalists consider

unimportant parts ; i)ut I could show by a long catologue of

facts, that parts which must be called important, whether
viewed under a physiological or classificatory point of view,

sometimes vary in the individuals of the same species. I

am convinced that the most experienced naturalist would be
surprised at the number of the cases of variability, even in

important parts of structure, which he could collect on good
authority, as I have collected, during a course of years. It

should be remembered that systematists are far from pleased

at finding variability 'in important characters, and that there

are not many men who will laboriously examine internal and
important organs, and compare them in many specimens of the

same species. I should never have expected that the branch-

ing of the main nerves close to the great central ganglion of

an insect would have been variable in the same species ; I

should have expected that changes of this nature could have
been effected only by slow degrees

:
yet quite recently Mr.

Lubbock has shown a degree of variability in these main
nerve;; in Coccus, which may almost be compared to the

irr^jgulul branching of the stem of a tree. This philosophical

naturalist, I nTay add, has also quite recently shown that the

muscles in the larvae of certain insects are very far from uniform.

Authors sometimes argue in a circle when they state that

important organs never vary ; for these same authors practically

rank that character as injportant (as some few naturalists have
honestly comfessed) which does not vary; and, under this

point of view, no instance of an important part varying will

ever be found ; but under any other point of view many
instances assuredly can be giveii.

There is one point connected with individual (iifferenc5s,

which seems to me extremely perplexing : I refer^o those
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genera which have sometimes been called “protean” or

“polymorphic,” in which the species present an Inordinate

amount of variation ;
and hardly two naturalists cam agree

which forms to rank as species and which as vafieties. We
may instance Rubus, Rosa, and Hieracium amongst plants,

several genera of insects, » and several genera of Brachiopod

shells. In most polymorphic genera some of the species have

fixed and definite characters. Genera ^vhich are*polymorphic

in one country seem to be, wth some few exceptions,

polymorphic in other countries, and likewise, judging from

Brachiopod shells, at former «periods of time. These facts

seem to be very perplexing, for they seefn to show that this

kind of variability is independent of tht conditions of life.

I am inclined to suspect that we sefi in these polymorphic

genera variations in points of structure which are of no service

or disservice to the species, and which consequently have not

been seized on and rendered definite by natural selection, as

hereafter will be explained. •

Those forms which possess in some considerable degree

the character of species, but which are so closely similar to

some other forms, or are so closely linked to' them by inter-

mediate gradations, that naturalists do hot like to rank them
as distinct species, are in several respects the most important

for us. We have every reason to believe that many of these

doubtful and closely-allied forms have permanently retained

their characters in their own country for a long time
;
for as

long, as far as we know, as have good and true species.

Practically, when a naturalist can unite two forms together

by others having intermediate characters, he treats the one
as a variety of the other, ranking the most common, but some-
times the one first 'described, as the species, ,and the''other
as the variety. But cases of great difficulty^ whicIfT will

not here enumerate, sometimes occur in deciding whether
or not to rank one form as a variety of another, even when
they are closely connected by intermediate links

; nor will the
commonly-assumed hybrid nature of the intermediate links
always remove the difficulty. In vei^ many cases, however,
one form is ranked as a variety of another, not becausd the
internudiate links have actually been found, but because
analogy ^eacls the observer to suppose either that they do now
somewhere exist, or may formerly have existed

;
and here a

wMe do^for the entry of doubt and conjecture is opened. -

Hence#in determining whether a form should be ranked as
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)a species or a variety, the opinion of naturalists having sound
judgment f,nd wide experience seems the only guide to follow

We must, however, in many cases, decide by a majority of

naturalists, for few well-marked and well-known varieties can

be named wkich have not been ranked as species by at least

,:pome competent judges.
^

That varieties of this doubtful nature are far from uncommon
cannot be disputed. Compare the several floras of Great
Britain, of France or of the United States, drawn up by
different botanists, and see what a surprising number of

forms have been ranked by (jpe botanist as good species,

and by another aS; mere varieties-. Mr. H. C. Watson, to

whom I lie under (^ep obligation for assistance of all kinds,

'has marked for me 182 British plants, which are generally con-

;

sidered as varieties, but which have all been ranked by botanists

i as species
;
and in making this list he has omitted many

trifling varieties, but which nevertheless have been ranked by
some botanists as species, and he has entirely omitted several

highly polymorphic genera. Under genera, including the

most polymorphic forms, Mr. Babington gives 251 species,

whereas Mr. B^ntham gives only 112,—a difference of 139
doubtful forms ! Aipongst animals which unite for each
birth, and which are highly locomotive, doubtful forms, ranked
by one zoologist as a species and by another as a variety, can
rarely be found within the same country, but are common in

separated areas. How many of those birds and insects in

North America and Europe, which differ very slightly from
each other, have been ranked by one eminent naturalist as

undoubted species, and by another as varieties, or, as they

are often called, as geographical races ! Many years ago,

when comparing, and seeing others compare, the birds from
the sepiyate islands of the Galapagos Archipelago, both one
with another, and with those from the American mainland,

I was much struck how entirely vague and arbitrary is the

distinction between species and varieties. On the islets of

the little Madeira group there are many insects which are

characterised as varieties^ in Mr. Wollaston’s admirable work,

but which it cannot be efoubted would be ranked as distinct

species by many entomologists. Even Ireland has a few

animals, now generally regarded as varieties, but which have
;been ranked as species by some zoologists. Several most
.^experienced ornithologists consider our British red grouse as
^*only a strongly-marked race of a Norwegian species| whereS^
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the greater number rank it as an undoubted species pecul

to Great Britain. A wide distance between the; homes
two doubtful forms leads many naturalists to rank both

distinct species
;
but what distance, it has been welf ask*

will suffice ? if that between America and Europe Is ample, >

that between the Continent and the Azores, or Madeira,

the Canaries, or Ireland, T)e sufficient? It must be admit

that many forms, considered by highly-competent jucjges

varieties, have so perfectly the character of*species that t

are ranked by other highly-competent judges as good ;

true species. But to discuss whether they are rightly ca

species or varieties, before any definitior of these terms

been generally accepted, is vainly to beat the air.

Many of the cases of strongly-marked varieties or doul
species well deserve consideration ; for several interesting 1

of argument, from geographical distribution, analogical variat

hybridism, &c., have been brought to bear on the attemp
determine their rank. I will here give only a single instano
the well-known one of the primrose and cowslip, or Prin
veris and elatior. These plants differ considerably in app
ance ; they have a different flavour and emit a different od»

they flower at slightly different periods ; . they grow in some’v

different stations
;
they ascend mountains to different heig

they have different geographical ranges ; and lastly, accon
to very numerous experiments made during several yean
that most careful observer Gartner, they can be crossed
with much difficulty. We could hardly wish for better evidi

of the two forms being specifically distinct. On the other h
they are united by many intermediate links, and it is

doubtful whether these links are hybrids; and there is

it seems* to me, an overwhelming amount of experime
evidence, showing that they descend from ccmmoii .par<

and consequently must be ranked as varieties.

Close investigation, in most cases, will bring naturalist
an agreement how to r?nk doubtful forms. Yet it mus
confessed, that it is in the best-known countries that we
the greatest number of forms of doubtful value. I have 1

struck with the fact, that if any anin\al or plair. in a st^t.
naiure be higlily useful to man, or from any cause clc
attr ct his attention, varieties of it will almost universal!
found recorded. These varieties, moreover, will be c
nuiked by some authors as species. Look at the com
oak, ho^ closely it has been studied

; yet ^ German au
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maKCS more than a dozen species out of forms, which are

very g#ierally considered as varieties
;
and in this country the

highest botanical authorities and practical men can he quoted

to snow that the sessile and pedunculated oaks are either good
and distin?t species or mere varieties.

When a young naturalist comi:9ences the study of a group

of organisms quite unknown to him, he is at first mucll

perplexed to determiijp what differences to consider as specific,

and what as varieties; f^r he knows nothing of the amount
and kind of variation to which the group is subject

;
and this

shows, at least, how very gg^ner^lly there is some variation.

11ut if he confine tiis attention to one class within one country,

he will soon mak« up his mind how to rank most of the

doubtful forms. His -geneital tendency will be to make many
species, for he will become imi)resscd, just like the pigeon

or poultry-fancier before alluded to, with the amount of

difference in the forms which he is continually studying

;

and he has little general knowledge of analogical variation

in other groups and in other countries, by which to correct
'

'

his first impressions. As he extends the range of his ob-

servations, he jvill meet with more cases of difficulty
; for

he will encounter » greater number of closely-allied forms.

But if his observations be widely extended, he will in the

f?nd generally be enabled to make up his own mind which
;o call varieties and which species ; but hcT will succeed in

his at the cxjiense of admitting much variation,—and the
ruth of this admission wull often be disputed by other
naturalists. When, moreover, he comes to study allied forms
jrought fron* countries not now continuous, in which case *

ne can hardly hope to find the intermediate links between
lis cfoubtful forms, he will have to trust almosP entirely to

ir^plofy-; and \\is difficulties will rise to a climax.

Certainly rib clear line of demarcation has as yet been
Irawn between species and sub-i pecies—that is, the forms
vhich in the opinion of some naturalists come very near to,

nut do not quite arrive at the rank of species
;

or, again,

K'tween sub species apd well-marked varieties, or between
esser varietifs and inflividual differences. These differences

)lend into each other in an insensible series
; and a series

mpresses the mind with the idea of an actual passage.
Hence I look at individual differences, though of small

merest to the systematist, as of high importance for uj^ as
jeing the first itep towards such slight varieties are barely
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thought worth recording in works on natural history. And
1 look at varieties which are in any degree more distirC:t and

permanent, as steps leading to more strongly marked and njore

permanent varieties ;
and at these latter, as leading to sui)-

species, and to species. The passage from one* stage of

difference to another and Jiigher stage may he, in some
erses, due merely to the long-continued action of different

physical conditions in two different regions; btit^I have not

much faith in this view ; and I attribute the passage of a

variety, from a state in which it differs very slightly from its

parent to one in which it differs ipore, to the action of natural

selection in accumulating (as will hercafWi^ be more fully

explained) differences of structure in certain definite directions.

Hence 1 believe a well-marked variety may be justly called an
incipient species

;
but whether this belief be justifiable must

be judged of by the general weight of the several facts and
views given throughout this Avork.

It need not be supposed that all varieties or incipient

jpecies necessarily attain the rank of species. They ma\’
whilst in this incipient state l)ecome e.xtinct, or they may
endure as varieties for very long periods, as hr.s been shown
to be the case by Mr. Wollaston with the 'varieties of certain
fossil land-shells in Madeira. If a variety were to flourish so
as to exceed in numbers the parent-species, it would then
rank as the si)ecie3, and the species as the variety

;
or it might

come to supplant and exterminate the parent-species
;
or both

might co-exist, and both rank as independent species;. Ikit
we shall hereafter have to return to this subject.

From these remarks it will be seen that 1 look at the term
species, as one arbitrarily given for the sake of convenience
to a set of individuals closely resembling each other, and Vhat
it does not essentially differ from the term variety, which is

given to less distinct and more fluctuating formsi The term
variety, again, in comparison with mere individual differences
ts also applied arbitrarily, and for mere convenience sake.

Guided by theoretical considerations, 1 thought that some
interesting results might be ootained in- regard to the nature
and relations ol the species which varj^ most, by tabulating
all the varieties in several well-worked floras. At first this
seemed a simple task; but Mr. H. 1). Watson, to whom I
am much indebted for valuable advice and assistance on
this subject, soon convinced me that there w'ere many diffi-
culties, as did subsequently Dr. Hooker, even in stronger
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terms. I shall reserve for my future work the discussion of

these tiifficulties, and the tables themselves of the proportional

numbers of the varying species. Dr. Hooker permits me to

add, that after having carefully read my manuscript, and
examined the tables, he thinks ^hat the following statements

are fairly well established. whole subject, however,

treated as it necessarily here is with much brevity, is rather

perplexing, and allusions cannot be avoided to the “ struggle

for existence, “ divergence of character,^’ and other questions,

hereafter to be discussed.

Alph. De Candolle and ojjiers have shown that plants which

have very wide-ranges generally present varieties
;
and this

might have been ^^xpected, as they become exposed to diverse

physical conditions, and ast they come into competition (which,

as we shall hereafter see, is a far more important circumstance)

with different sets of organic beings. But my tables further

show that, in any limited country, the species which are

most common, thaf is abound most in individuals, and the

species which are most widely diffused within their own ^

country (and this is a different consideration from wide
range, and tp a certain extent from commonness), often

give rise to varicUes sufficiently well-marked to have been
recorded in botanical works. Hence it is the most flourish-

ing, or, as they may be called, the dominant species,—those

which range widely over the world, are the most diffused

in their own country, and are the most numerous in in-

dividuals,—which oftenest produce well-marked varieties, or,

as I consider them, incipient species. And this, perhaps,

miglu have been anticipated ; for, as varieties, in order tq;

V)ecome in any degree permanent, necessarily have to struggle

with the other inhabitants of the country, the Species which
jire* already"dominant will be the most likely to yield off-

spring whidi, though in some slight degree modified, will

still inherit those advantages that enabled their parents to

become dominant over their compatriots.

If the plants inhabiting a country and described in any
Flora be divided into, two equal masses, all those in the larger

genera beiitg placed ^Dn one side, and all those in the smaller
genera on the other* side, a somewhat larger number of the
very common and much diffused or dominant species will be
found on the side of the larger genera. This, again, might
liave been anticipated

;
for the mere fact of many species of

the same geifus inhabiting any country, shows jthat there is
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something in the organic or inorganic conditions of that country

favourable to the genus ;
and, consequently, we miglji have

expected to have found in the larger genera, or those including

many species, a large proportional number of dominant species.

But so many causes tend ^o obscure this result, [hat I am
surprised that my tables show even a small majority on the

jjide of the larger genera. I will here allude to only two causes

of obscurity. Fresh-water and salt-lovin|^plants have generally

very wide ranges and are much diffused, but this seems to

be connected "with the nature of tne stations inhabited by

them, and has little or no relation to the size of the genera

to which the species belong.' Again, plants^^Iow in the scale

of organisation are generally much more widely diffused than

])lants higher in the scale ; and h^re again there is no close

relation to the size* of the genera. The cause of lowly-organised

plants ranging widely will be discussed in our chapter on
geogra})hical distribution.

From looking at sjiccics as only strongly-marked and well-

defined varieties, I was led to anticipate that the species of

the larger genera in each country would ofiener present varieties,

than the species of the smaller genera; for wherever many
closely related s[)ecies (/>. species of the^ same genus) have
been formed, many \arieties or incipient species ought, as a
general rule, to be now forming. Where many large trees

grow, we expect to find saplings. Where many species of a
genus have been formed through variation, circumstances have
been favourable for variation

; and hence we might expect that

the circumstances would generally be still favourable to

^variation. On the other hand, if w^e look at each species as

a special act of creation, there is no apparent reason why
more varietit# should* occur in a group having many species,

than in one having few. -

To test tlie truth of this anticipation I have arranged the
plants of twelve countries, and the coleo])terous insects of two
districts, into two nearly equal masses, the species of the
larger genera on one side, and those of the smaller genera on
the other side, and it has invariably proved to be the case that
a laigcr proiponion of the species on tjie side eff the larger
genera pie.seiu vaiieties, than on the side of the smaller genera.
Moreo\er, the si)ecies of the large genera which present any
varieties, invariably present a larger average number of varieties
than^do the species of the small genera. Both these results
follow whem another division is made, and ^when all the
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smallest genera, wich from only one to four species, are

absolufely excluded from the tables. These facts are of plain

signification on the view that species are only strongly marked
and permanent varieties

;
for wherever many species of the

same gemfs have been formed, ox where, if we may use the

expression, the manufactory of ^species has been active, we
ought generally to find the manufactory still in action, moHC
especially as we havg every reason to believe the process of

manufacturing new species to be a slow one. And this

certainly is the case, it varieties be looked at as incipient

species; for iny tables cleanly show as a general rule that,

wherever many 1»i)ecies of a genus have been formed, the

species of that genfjs present a number of varieties, that is of
incipient species, beyond the average. It is not that all large

genera are now varying much, and are thus increasing in the

number of their species, or that no small genera are now
varying and increasing

;
for if this had been so, it would have

been fatal to my theory ; inasmuch as geology plainly tells us
that small genera have in the lapse of time often increased '

greatly in size
;
and that large genera have often come to

their maxima,, declined, and disappeared. All that we want
to show is, tliat wkere many species of a genus have been
formed, on an average many are still forming; and this

holds good.

There are other relations between the* species of large
genera and their recorded varieties which deserve notice. \Ve
have seen that there is no infallible criterion by which to
distinguish species and well-marked varieties; and in those
cases 4n which intermediate links have not been found between ;
doubtful forms, naturalists are compelled to come to a deter-
minfition by the amount of difference between them, judging
4y asialogy \vhether or not the amount suffices to raise one or
both to the fank of species. Hence the amount of difference
is one very im])ortant criterion in settling whether two forms
should be ranked as species or varieties. Now P'rics has
remarked in regard to plants, and Westwood in regard to
insects, that in large genera the amount of difference between
the species •'is often Exceedingly small, I have endeavoured
to test this numerically by averages, and, as far as my imperfect
results go, they always confirm the view. I have also con-
sulted some sagacious and most experienced observers, and,
after deliberation, they concur in this view. In this respect,
trierefore, the species of the larger genera resemble varieties]
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more than do the species of the smaller genera. Or the case

may be put in another way, and it may be said, thaft in the

larger genera, in which a number of varieties or incipient

species greater than the average are now manufacturing, many

of the species already manufactured still to a certain extent

resemble varieties, for they, differ from each other by a less

•than usual amount of difference.

Moreover, the species of the large geij^ra are related to each

other, in the same manner as the of any one species

are related to each other. No naturalist pretends that all

the s[)ecies of a genus are equi'lly distinct from each other
;

they may generally be divided into sub-ger/era, or sections, or

lesser groups. As Fries has well remarb^d, little groups of

species are generally clustered lilce satellites around certain

othf3r species. And what arc varieties but groups of forms,

unequally related to each other, and clustered round certain

forms—that is, round their parent-species? Undoubtedly
there is one most important point of difference between

varieties and species; namely, that the amount of difference

between varieties, when compared with each other or with

theif parent-species, is much less than that between the species

of the same genus. But when we come to discuss the principle,

as I call it, of Divergence of Character, w^e shall see how this

may be explained, and how the lesser differences between
varieties will to increase into the greater differences

between s[)ecies.

There is one other point which seems to me worth notice.

Varieties generally have much restricted ranges : this statement
is indeed scarcely more than a truism, for if a variety were
found to have a wider range th:in that of its supposed parent-

species, ihe^r denommations ought to be reversed. But ‘there

is also reason to believe, that those species which are v^ry
closely allied to other species, and in so far reselnble varieties,

often have much restricted ranges. For instance, Mr. H. C.
^'/atson has marked for me in the well-sifted London Catalogue
of Plants (4LI1 edition) 63 plants which are therein ranked as
species, but which he considers as so closely allied to other
species as to be of doubtful value : th^se 63 reputed species
range on an average over 6*9 of the provinces into which
Mr. '.Vatson has divided Great Britain. Now, in this same
catalogue, 53 acknowleuged varieties arc recorded, and these
rary’;e over 77 provinces

; whereas, the species to which th^se
varieties Ijelong range over 14*3 provinces.!* So that the



VARIATION UNDER NATURE. I 55

.acknowledged varieties have very nearly the same restricted

averageirange, as have those very closely allied forms, marked
for me by Mr. Watson as doubtful species, but which are

almost universally ranked by British botanists as good and
true species.

^

Finally, then, varieties have th# same general characters af|

species, for they cannot be distinguished from species,

—

except, firstly, by the Tliscovery of intermediate linking forms,

and the occurrence of Sbeh links cannot affect the actual

characters of the forms which they connect; and except,

secondly, by a cei^ain amount of*difference, for two forms, if

differing very little^ are generally ranked as varieties, notwith-

standing that intermediate linking forms have not been dis-

covered ;
but the amount of difference considered necessary to

give to two forms the rank of species is quite indefinite. In

genera having more than the average number of species in any
country, the species^ of these genera have more than the

average number of varieties. In large genera the species are

apt to be closely, but unequally, allied together, forming little

clusters round fertain species. Species very closely allied to

other species apparently having restricted ranges. In all these

several respects the species of large genera present a strong

analogy with varieties. And we can clearly understand these

analogies, if species have once existed as varieties, and have
thus originated : whereas, these analogies are utterly inexplic-

able if each species has been independently created.

We have, also, seen that it is the mo.st flourishing and
domiq^nt species of the larger genera which on an average
vary most ; and varieties, as we shall hereafter sec, tend to

become converted into new and distinct •species. • The larger

genera thus tend to become larger
; and throughout nature the

fdrms of lifet which are now dominant lend to become still

more dominant by leaving many modified and dominant
descendants. But by steps hereafter to be explained, the
arger genera also tend to break up into smaller genera. And
thus, the forms of life throughout the universe become divided
into groups •oubordina^te to groups.
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Sjruggle for Existence.
. 9

litiirs on natural selection—The term used in a wide sense—geometrical
])owers of increase—Rapid increase of natural ise(^ animals and plants

—

Nature of the checks to increase--»Conipetition universal—Effects

of climate— Protection from the number of individuals—Complex
relations of all animals and plants throughout nature—Struggle for

life most severe between individuals and varieties of the same s})ecies ;

often severe between species of the same genus—The relation of
OJganisni to organism the most important of all relations.

]1i:foke entering on the subject of this chapter, I must make
a few preliminary remarks, to show how struggle for

existence bears on Natural Selection. It. hts been seen in

the last chapter that amongst organic beings in a state of
nature there is some individual variability ; indeed I am not
aware that this h.^ ever been disputed. It is immaterial for

us whether a multitude of doubtful forms be called species or
.sub-species or ^aricties; what rank, for instance, the two or
three hundred doubtful forms of British plants are entitled to

^Iiold, if the existence of any well-marked varieties be adnwtled.
But the mere existence of individual variability and of some
lew well-marked varicde.s, lliough necessary as the foundation
lor the work, helps us but little in understanding '“how species
arise in nature. How have all those exquisite adaptations of
ene i)art of the organi.sation to another part, and to the con-
drions of life, and of one distinct organic being to another
being, been perfected? We see these beautiful co-adaptations
most plainly in the woodpecker and misseltoe

; and only a
little .ess plainly in the humblest parasite which c’lings to the
hairs a quadruped or feathers of a Bird; in the Structure
ot the beetle which dives through the water

;
in the plumed

seed wiiah is wafted by the gentlest breeze
; in short, we see

beautiful adaptations everywhere and in every part of the
orgamc world. '

I
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• Again, it may be asked, how is it that varieties, which f have

called incipient species, become ultimately converted >hto good

and distinct species, which in most cases obviously differ from

each.other far more than do the varieties of the Saitie species ?

How do thbse groups of species, ^vhich constitute wh£i<^are‘

called distinct genera, and which differ from each other more
than do the species of the same* genus, arise Ah these

results* as we shall more fully see in the next chaptOTy iollpw

inevitably from the struggle for life. Owing to this struggle

for life, any variation, however slight and from whatever cause

j^roceeding, if it be in any dcgjee j^rofitable to an individual

of any species, inc^its infinitely complex relations to other

organic beings ancl to external nature, will tend to the

preservation of that individual, and will generally l)e inherited

by its offspring. The offspring, also, will thus have a better

chance of surviving, for, of the many individuals of any species

which are periodically born, but a small number can survive.

1 have called this principle, by which each slight variation, if

useful, is preserved, by the term of Natural Selection, in order

to mark its relation to m^nVs power of selection. We have
seen that man by selection can certainly produce great results,

and can adapt orgaivic beings to his own uses, through the

accumulation of slight but useful variations, given to him
by the hand of Nature. But Natural Selection, as we shall

hereafter see, is a power incessantly ready for action, and is as

immeasurably superior to i:i 's feeble efforts, as the works of

Nature are to those of Art.

We will now discuss in a little more detail the struggle for

existence. In my future wwk this subject shall be treated,

as it well deserves, at much greater length. The elder

De Candolle and Lyell have largely and philosophically shown
that all organic beings are exposed to severe competition.
In regard to plcnts, no one has treated this subject with more
spirit and ability than W. Herbert, Dean of Manchester,
evidently the result of his great horticultural knowledge.
Nothing is easier than to admit in words the truth of the
universal struggle for life, or more difficult—at least I have
found it so—than constmitly to bear this conclusion in mind.
Yet unless it be thorolighly engrained in the mind, I am
convinced that the whole economy of nature, with every fact

on distribution, rarity, abundance, extinction, and variation, will

be dimly seen or quite misunderstood. We behold the face of
nature bright w’jth gladness, we often see superabundaritee
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of food; we do not see, or we forget, that the birds which

are idly singing round us mostly live on insects d’ seeds,

and are thus constantly destroying life
;

or we forget how

largely these songsters, or their eggs, or their nestlings, are

destroyed by birds and Ijeasts of prey; we do hot always

bear in mind, that though food may be now superabundant,

^^t is not so at all seasons of each recurring year.

I should premise that I use the term Struggle for Existence

in a large and metaphorical sense,^ including dependence of

one being on another, and including (which is more important)

not only the life of the individual, but success in leaving

[)rogeny. Two canine animals in a time of dearth, may be
truly said to struggle with each other whiclj. shall get food and
live. Put a ]dant on the edge of, a desert is said to struggle

for life against the drought, though more properly it should

be said to be dept ndent on the moisture. A plant which

annually produces a thousand seeds, of which on an average

only one comes to maturity, may be morg truly said to struggle

with the plants of the same and other kinds which already

clothe the ground. The misseltoe is dependent on the apple

and a few other trees, but can only in a far-ftnehed sense be
said to struggle with these trees, for if too many of these para-

sites grow on the same tree, it will languish and die. But
several seedling misseltoes, growing close together on the same
branch, may more truly be said to struggle with each other.

As the misseltoe is disseminated by birds, its existence

depends on birds
;

and it may metaphorically be said to

struggle with other fiuit-boaring plants, in order to tempt birds

to devour and thus disseminate its seeds rather than those of

other plants. In these several senses, which pass into euch
other, 1 us® for convenience sake the general term of struggle

for existence. *'
*

A strugL;U‘ for existence inevitably follows from the high
rate at whicli all organic beings tend to increase. Every
being, which during its natural lifetime produces several eggs
or seeds, must suffer destruction during some period of its

life, and during some season or occasional year, otherwise,
on the principle of geometrical increase, its nilmbers would
quickly become so inordinately great vhat no country could
suppoTt the product. Hence, as more individuals are pro-
duced than can possibly survive, there must in every case Ije

a ^ruggle for existence, either one individual with another of
thdsame species, or with the individuals of (listinct speci'es,
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or with the physical conditions of life. It is the doctrine of

Malthul' applied with manifold force to the whole animal and

vegetable kingdoms ;
for in this case there can be no artificial

increase of food, and no prudential restraint from marriage.

Although Some species may be naw increasing, more or less

rapidly, in numbers, all cannot (^o so, for the world would

not hold them. t

There is no exceptipn to the rule that every organic being

naturally increases at so ^high a rate, that if not destroyed,

the earth would soon be covered by the progeny of a single

pair. Even slow-breeding vo^n has doubled in twenty-five

years, and at this^rate, in a few thousand years, there would

literally not be startling room for his progeny. Linnseus has

calculated that if an annual ^plant produced only two seeds

—

and there is no plant so unproductive as this—and their

soiedlings next year produced two, and so on, then in twenty

years there would be a million plants. The elephant is

reckoned to be the slowest breeder of all known animals, and
1 have taken some pains to estimate its })robable minimum
rate of natural increase : it will be under the mark to assume
that it breeds when thirty years old, and goes on breeding till

ninety years old, bringing forth three pair of young in this

interval
;

if this be so, at the end of the fifth century there

would be alive fifteen million elephants, descended from the

first pair. •

But we have better evidence on this subject than mere
theoretical calculations, namely, the numerous recorded cases

of the astonishingly rapid increase of various animals in a

state ®f nature, when circumstances have been favourable

to them during two or three following seasons. Still more
strikftig is the evidence from our domestic animals of many
kipd? which h*ave run wild in several parts of the world : if the

statements of*the rate of increase of slow-breeding cattle and
horses in South-America, and latterly in Australia, had not
been well authenticated, they would have been quite incredible.

So it is with plants : cases could be given of introduced plants

which have become common thrcaighoiit whole islands in

a period of less than Xtn years. Several of the plants now
most numerous over Che wide plains of La JMata, clothing

square leagues of surface almost to the exclusion of all other
plants, have been intfroduced from Europe

3
and there are

plants w'hich now range in India, as I hear from Dr. Falconer,
-from Cape Cqmorin to the Himalaya, Mrhich have bt'en
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imported from America since its discovery. In such cases,

and endless instances could be given, no one supfj-jses that

the fertility of these animals or plants has been suddenly and

temporarily increased in any sensible degree. The obvious

explanation is that the conditions of life have been very

fai^urablc, and that there h.as consequently been less destruc-

(I tion of the old and young,' and that nearly all the young have

been enabled to breed. In such cases the geometrical ratio

of increase, the result of which qever fails to be surprising,

simply exjilains the extraordinarily rapid increase and wide

diffusion of naturalised productions in their new homes.

In a state of nature almost every plant -produces seed, and

amongst animals there are very few which do not annually

pair. Hence we may confident^ assert, that all plants and
animals are tending to increase at a geometrical ratio, that all

would most rapidly stock every statjon in which they could

any how exist, and that the geometrical tendency to increase

must be checked by destruction at some period of life. Our
familiarity with the larger domestic animals tends, I think, to

mislead us : we see no great destruction falling on them, and
we forget that thousands are annually slaughtered for food,

and that in a state of nature an equal number would have

somehow to be disposed of.

The only differemee between organisms which annually

produce eggs or seeds by the thousand, and those which
produce extremely few, is, that the slow-breedcrs would require

a few more )xjars to people, under favourable conditions, a
whole district, let it be ever so large. The condor lays a

couple of eggs and the ostrich a score, and yet in tfce same
country the condor may be the more numerous of the two :

the Fulmar })etrel iays but one egg, yet it is believed ‘'to be
the most numerous bird in the world. Orle fly deposits
hundreds of eggs, and another, like the hippobosca, a single

one; but this difference does not determine how many indi-

viduals of the two species can be supported in a district. A
large numl>er of eggs is of some importance to those species,

which dejM'nd on a rapidly fluctuating amount of food, for

it dllows them rapidly to increase in number. * But the real

importance of a large number of egjs or seeds is to make
up for much destruction at some period of life

;
and this

period in the great majority of cases is an early one. If an
animal can in any way protect its own eggs or young, a small
number may be produced, and yet the average stock be fully
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incept up ;
but if many eggs or young are destroyed, many must

;^e prodiR:ed, or the species will become extinct. It would

^lufiice to keep up the full number of a tree, which lived on

i|in average for a thousand years, if a single seed were produced

:|^nce in a thousand years, supposing .that tliis seed were never

destroyed, and could be ensured to germinate in a fitting place.

So that in all cases, the average number of any animal oi

'^lant depends only indirectly on the number of its eggs or

Seeds.
'I: In looking at- Nature, it is most necessary to keep the

foregoing considerations always,in mind—never to forget that

every single organic being around us may be said to be

Striving to the utmost to increase in numbeis; that each lives

by a struggle at some period of its life
;
that heavy destruction

inevitably falls cither on the young or old, during each genera-
‘ tion or at recurrent intervals. Lighten any check, mitigate

f
the destruction ever so little, and the number of the species

t will almost instantaneously increase to any amount. The face

of Nature may be compared to a yielding surface, with ten

'^thousand sharp wedges packed close together and driven in-

j.\vards by incessant blows, sometimes one wedge being struck,

'^ind then another with. greater force.

0 What checks the natural tendency of each species to increase

\in number is most obscure. Look at the most vigorous

;^pecies ;
by as much as it swarms in numbers, by so much

Will its tendency to increase be still further increased. We
J^now not exactly what the checks are in even one single

Instance. Nor will this surprise any one who reflects how
ignorant, we are on this head, even in regard to mankind,
so incomparably better known than any other animal. This
subjeci has been ably treated by several authors, and I shall,

in my future wefrk, discuss some of the checks at considerable
length, more e95:)ecially in regard to the feral animals of South
America. Here J will make only a few remarks, just to recall

to the reader’s mind some of the chief points. Eggs or very
‘ ynung animals seem generally to suffer most, but this is not
invariably the case. With plants there is a vast destruction
of seeds, but, 'from some observations which I have made,
I believe tliat it is th^ seedlings which suffer’ most from
^germinating lu ground already thickly stocked with cyther

f
lants. Seedlings, als^ are destroyed in vast numbers by
arious enemies

;
for instance, on a piece of ground three

iet' long and two wide, dug and cleared, and where thefe
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could be no choking from other plants, I marked all the

seedlings of our native weeds as they came up, Aid out of

the 357 no less than 295 were destroyed, chiefly by slugs and

insects. If turf which has long been mown, and the case

would be the same with* turf closely browsed bf quadrupeds,

be let to grow, the more ;^*igorous plants gradually kill the less

vigorous, though fully grown, plants: thus out of twenty

speces growing on a little plot of Jurf (three feet by four)

nine species perished from the ojher species being allowed to

grow up freely.

The amount of food fpr (jach species of course gives the

extreme limit to which each can increase; but very frequently

it is not the obtaining food, but the serving as prey to other

animals, which determines the .average numbers of a species.

Thus, there seems to be little doubt that the stock of partridges,

grouse, and hares on any large estate depends chiefly on the

destruction of vermin. If not one head of game were shot

during the next twenty years in England, and, at the same

time, if no vermin were destroyed, there would, in all proba-

bility, be less game than at present, although hundreds of

thousands of game animals are now annually killed. On the

other hand, in some cases, as with the elephant and rhinoceros,

none are destroyed by beasts of prey : even the tiger in India

most rarely dares to attack a young elephant protected by

its dam. •

Climate plays an important part in determining the average

numbers of a species, and periodical seasons of extreme cold

or drought, I believe to be the most effective of all checks.

I estimated that the winter of 1854-55 destroyed four-fifths

of the birds in my own grounds
j and this is a tremendous

destruction, when we remember that ten per cen^ is an
extraordinarily severe mortality from epidehiics with plan.

The action of climate seems at first sight no be quite in-

dependent of the struggle for existence; but in so far as

climate chiefly acts in reducing food, it brings on the most
se\ere struggle between the individuals, whether of the same
or of distinct species, which subsist on the same kind of food.

Even when climate, for instance extreme cold, acts directly.

It Aill be the least vigorous, or tho^je which have got least

foou through the advancing winter, which will suffer most.
When we travel from south to nortlk, or from a damp region
to a dry, we invariably see some species gradually getting ^rarer
and rarer, and finally disappearing

; and the^change of climate*
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fing conspicuous, we are tempted to attribute the whole

feet to its direct action. But this is a very false view : we

Iget that each species, even where it most abounds, is con-

intly suffering enormous destruction at some period of its

t, from enelnies or from competitois for the same place and

bd; and if these enemies or competitors be in the least

igree favoured by any slight change of climate, they will

brease in numbers, an^, as each area is already fully stocked

jth inhabitants, the other ^pecies will decrease. When we

l^vel southward and see a species decreasing in numbers,

may feel sure that the causey lies quite as much in other

ecics being favour^id, as in this one being hurt. So it is

^en we travel nortl^ward, but in a somewhat lesser degree,

the number of species of all kinds, and therefore of com-

pi^titors, decreases northwards ;
hence in going northward, or

£ ascending a mountain, we far oftener meet with stunted

As, due to the directly injurious action of climate, than we
in proceeding soutljvrards or in descending a mountain.

I' hen we reach the Arctic regions, or snow-capped summits,

absolute deserts, the struggle for life is almost exclusively

pth the elcmcnU;.

I'hat climate acts in main part indirectly by favouring other

cies, we may clearly see in the prodigious number of plants

our gardens which can perfectly well endure our climate,

ut which never become naturalised, for they cannot compete
(jj^th our native plants, nor resist destruction by our native

^imals.
When a Species, owing to highly favourable circumstances,

Sjcreaseswinordinatcly in numbers in a small tract, epidemics

—

least, this seems generally to occur wath our game animals

—

,{ijften ensue : and here we have a limiting theck independent
qi the -struggle* for life. But even some of these so-called

epidemics appear to be due to parasitic worms, which have
ftbm some cause, possiljly in part through facility of diffusion
j8^(jngst the crowded animals, been disproportionably favoured

:

?
c here comes in a sort of struggle between the parasite and
prey.

; On the other hand, in many cases, a large stock of individuals
r the same species, relajfively to the numbers of its enemies,

I
absolutely necessary for its preservation. Thus we can

Rsily raise plenty of cJrn and rape-seed, &c., in our fields,

ecause the seeds are in great excess compared with the
iber of birdi| which feed on them

; nor can the birds^
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though having a superabundance of food at this one
increase in number proportionally to the supply ol s

their numbers are checked during winter : but any c;

'

has tried, knows how troublesome it is to get seed fro

wheat or other such plants in a garden
;

I have' in t

lost every single seed. This view of the necessity of .

stock of the same species for its preservation, exp
believe, some singular facts in nature, such as that

rare plants being sometimes extremely abundant in t

spots where they do occur; and that of some social

being social, that is, abounding in individuals, even
extreme confines of their range. For inosuch cases, v

believe, that a plant could exist only wJiere the cor

of its life were so favourable that many could exist tc

and thus save each other from utter destruction. I

add that the good effects of frequent intercrossing, a**

ill effects of close interbreeding, probalfiy come into

some of these cases
;
but on this intricate subject I ^

here enlarge.

Many cases are on record showing how complex a
expected are the checks and relations between organic
which have to struggle together in the same country,

give only a single instance, which, though a simple or*

jntere.sted me. In Staffordshire, on the estate of a r

where 1 had ample means of investigation, there was
and extremely banon heath, which had never been t(

by the hand of man ; but several hundred acres of •

the same nature had been enclosed twenty-five years pre’

and planted with Scotch fir. The change in the
vegetation of the planted part of the heath Avas most r

able, moie than is" generally seen in passing from one
different soil to another: not only the proportional nt
of the heath-plants were wholly changed, but twelve s

of plants (not counting grasses and carices) flourished

plantations, which could not be found on the heath,

effect on the insects must have been still greater, f •

insectivorous birds were very common in the plant ’

vvhu ii were not to be seen on the heath; and the heai;-

freq'^ented by two or three distinct in\ectivorous birds.
A\e how })otent has been the effect of the introdj'
of a single tree, nothing whatever clsethaving been done

,

the exception tliat the land had been enclosed, so that '

d>uid not enter. But how important an element enc^
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is, I plainly saw near Farnham, in Surrey. Here there are

extensiv# heaths, with a few clumps of old Scotch firs on the

distant hilltops: within the last ten years large spaces have

l>een enclosed, and self-sown firs are now springing up in

multitudes,**so close together that all cannot live. When I

ascertained that these young trees had not been sown or

planted, I was so much surprised al^ their numbers that I went^
to several points of view, whence I could examine hundreds

of acres of the unendiosed heath, and literally I could not

, see a single Scotch fir, exCept the old planted clumps. But

I

on looking closely between the stems of the heath, I found
' a multitude of seedlings and* little trees, which had been
perpetually browsed down by the cattle. In one square yard,

at a point some hundred yards distant from one of the old

clumps, I counted thirty-two little trees ; and one of them,
judging from the rings of growth, had during twenty-six years

tried to raise its head above the stems of the heath, and had
failed. No wonder that, as soon as the land was enclosed,

it became thickly clot^ied with vigorously growing young firs.

Yet the heath was so extremely barren and so extensive that

no one w^ould ever have imagined that cattle would have so
‘ losely and effectually searched it for food.

Here we see that cattle absolutely determine the existence

of the Scotch fir; but in several parts of the world insects

determine the existence of cattle. Perhaps Paraguay offers

the most curious instance of this ; for here neither cattle nor
horses nor dogs have ever run wild, though they sw^arm south-

ward and northward in a feral state
;
and Azara and Rengger

have shown that this is caused by the greater number in

Paraguay of a certain fly, which lays its eggs in the navels

>f th^se animals when first born. The increase of these flies,

uimerous as they are, must be habitually checked by some
n(5ans, probalfly by birds. Hence, if certain insectivorous

irds (whose numbers are probably regulated by hawks or

easts of prey) were to increase in Paraguay, the flies would
ecrease—then cattle and horses would become feral, and
lis woqld certainly greatly alter (as indeed I have observed
\ parts of South America) the vegetation : this again would
rgely affect the insects; and this, as we just have seen in

Laffordshire, the inscctl/orous birds, and so onwards in ever-

creasing circles of (Arnplexity. We began this series by
sectivorous birds, ana we have ended with them. Not that

nature the relations can ever be as simple as this. Bat^e
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within battle must ever be recurring with varying success;

and yet in the long-run the forces are so nicely balanied, that

the face of nature remains uniform for long periods of time,

though assuredly the merest trifle would often give the victory

to one organic being over another. Nevertheless so profound

is our ignorance, and so high our presumption, that we marvel

twhen we hear of the extinction of an organic being
; and as

we do not see the cause, we invoke cataclysms to desolate the

world, or invent laws on the duration of the forrtis of life I

I am tempted to give one more instance showing how
])lants and animals, most rempte in the scale of nature, are

bound together by a web o’t complex relations. I shall here-

after have occasion to show that the exo|jc Lobelia fulgens,

in this part of England, is never visited by insects, and con-

sequently, from its peculiar structure, never can set a seed.

Many of our orchidaceous plants absolutely require the visits

of moths to remove their pollen-masses and thus to fertilise

them. I have, also, reason to believe that humble-bees are

indispensable to the fertilisation of tlie heartsease (Viola

tricolor), for other bees do not visit this flower. From
experiments which I have tried, 1 have found that the visits of

bees, if not indispensable, are at least highly beneficial to the

fertilisation of our clovers; but humble-bees alone visit the

common red clover (Trifolium pratense), as other bees cannot

reach the nectas. Hence I have very little doubt, that if the

whole genus of humble-bees became extinct or very rare in

England, the heartsease and red clover would become very

rare, or wholly disappear. The number of bumble-bees in

any district depends in a great degree on the number field-

mice, which destroy their combs and nests; and Mr. H.
Newman, cvho has long attended to the habits of humble-bees,

believes that “ more than two-thirds of them are xhus destroyed

all over England.” Now the number of mice is largely

dependent, as every one knows, on the number of cats ; and
Mr. Newman says, “Near villages and small towns I have
found the nests of humble-bees more numerous than elsewhere,

which I attribute to the number of cats that destroy the mice.”
Hence it is quite credible that the presence of a feline animal
in large numbers in a district might ^^etermine, through the

intervention first of mice and then of( bees, the frequency of

certain flowers in that district 1 \

In the case of every species, many diffeient checks, acting

at^ different periods of life, and during different seasons or
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years, ppobably come into play
;
some one check or some few

being generally the most potent, but all concurring in determin-

ing the average number or even the existence of the species.

In some qgses it can be shown that widely-different checks act

on the same species in different districts. When we look at

the plants and bushes clothing •an entangled bank, we are

tempted to attribute their proportional numhers and kinds t6

what we call chance.# But how false a view is this I Every
one has heard that whem an American forest is cut down, a

very different vegetation springs up
; but it has been observed

that the trees now growing orf tbe ancient Indian mounds, in

the Southern Unit?d States, display the same beautiful diversity

and proportion of^inds as in the surrounding virgin forests.

What a struggle between thfe several kinds of trees must here

have gone on during long centuries, each annually scattering

Its seeds by the thousand
;
what war between insect and insect

—between insects, snails, and other animals with birds and
beasts of prey—all •striving to increase, and all feeding on
each other or on the trees or their seeds and seedlings, or

on the other plants which first clothed the ground and thus

checked the -growth of the trees ! 'Fhrow up a handful of

feathers, and all must fall to the ground according to definite

laws
j
but how simple is this problem compared to the action

and reaction of the innumerable plants and animals which
have determined, in the course of centuries,*the proportional

numbers and kinds of trees now growing on the old Indian
ruins !

The dependency of one organic being on another, as of a

parasife on its prey, lies genera^y between beings remote in

the scale of natuie. This is often the case with those which
may^ strictly fee said to struggle with each other for existence,

re in the case of locusts and grass-feeding quadrupeds. But
the struggle ’almost invariably will be most severe between
the individuals of the same species, for they frequent the same
districts, require the same food, and are exposed to the same
dangers. In the case of varieties of the same species, the

struggle w’ill generally be almost equally severe, and we
jometimes see the contest soon decided : for instance, if

;everal varieties of wheat be sown together, and the mixed
seed be resown, somelof the varieties which best suit the soil

or climate, or are naturally the most fertile, will beat the others

*i«d so yield more seed, and wfill consequently in a few years

quite supplant the other varieties. To keep up a mil.'^d
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stock of even such extremely close varieties as the j^ariously

coloured sweet-peas, they must be each year harvested

separately, and the seed then mixed in due proportion, other-

wise the weaker kinds will steadily decrease in nufnbers and
disappear. So again with the varieties of sheep : it has been

asserted that certain mouiitain-varieties will starve out other

•"mountain-varieties, so that they cannot be kept together.

The same result has follow'ed from keeping together different

varieties of the medicinal leech, fit may even be doubted
whether the varieties of any one of our domestic plants or

animals have so exactly .^-he# same strength, habits, and
constitution, that the original proportion s'"'of a mixed stock

could be kept up for half a dozen generations, if they were

allowed to struggle together, like beings in a state of nature,

and if the seed or young were not annually sorted.

As species of the same genus have usually, though by no
means invariably, some similarity in habits and constitution,

and al\va)\s in structure, the struggle will generally be more
severe between species of the same genus, when they come
into competition with each other, than between species of

distinct genera. AVe see this in the recent ‘K^xtension over

parts of the United States of one species of swallow having
caused the decrease of another species. The recent increase

of the missel-thrush in parts of Scotland has caused the

decrease of the* song-thrush. How frequently we hear of one
species of rat taking the place of another species under the

most different climates ! In Russia the small Asiatic cockroach
has everywhere driven before it its great congener. One
species of charlock will supplant another, and so in other cases.

We can dimly see w'liy the competition should be most severe

between afiied forms, which fill nearly the san%^‘ place in the
economy of nature

;
but probably in no one case could we

precisely say why one species has been victorious over another
in the great battle of life.

A corollary of the highest importance may be deduced from
the foregoing remarks, namely, that the structure of every
organic being is related, in the most essential yet often hidden
manner, to that of all other organic beings, with which it

comes into competition for food or refidence, or from which
it has to escape, or on which it preys. 1 This is obvious in the
structure of the teeth and talons of the tiger

;
and in that of

the legs and claw^s of the parasite which clings to the hair on
the tiger s body. But in the beautifully plunx^d seed of the
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'dandeli|n, and in the flattened and fringed legs of the water-

beetle, the relation seems at first confined to the elements of

air and water. Yet the advantage of plumed seeds no doubt

stands in yie closest relation to the land being already thickly

clothed by other plants ; so that^ the seeds may be widely

distributed and fall on unoccupied ground. In the water-

beetle, the structure of its legs, so well adapted for diving^i

allows it to compete \yth other aquatic insects, to hunt for its

own prey, and to escape saving as prey to other animals.

The store of* nutriment laid up within the seeds of many
plants seems at first sight to hiive.no sort of relation to other

plants. But from ^e strong growth of young plants produced
from such seeds (aa peas and beans), when sown in the midst

of long grass, I suspect that*the chief use of the nutriment in

the seed is to favour the growth of the young seedling, whilst

struggling with other plants growing vigorously all around.

Look at a plant in the midst of its range, why does it not

double or quadruple? its numbers ? We know that it can
perfectly well withstand a little more heat or cold, dampness
or dryness, for elsewhere it ranges into slightly hotter or

colder, damper or diier districts. In this case we can clearly

see that if yve wished in imagination to give the plant the

power of increasing in number, we should have to give it some
advantage over its competitors, or over the animals which
preyed on it On the confines of its geogmphical range, a

change of constitution with respect to climate would clearly

be an advantage to our plant ; but we have reason to believe

that only a few plants or animals range so far, that they are

destroyed by the rigour of the climate alone. Not until we
reach the extreme confines of life, in the arctic regions or on
the borders of an utter desert, will com*petition c^ase. The
Icijid may be extremely cold or dry, yet there will be com-
petition between some few species, or between the individuals

of the same species, for the warmest or dampest spots.

Hence, also, w^e can see that when a plant or animal is

placed in a new country amongst new competitors, though
the climate may be exactly the same as in its former home,
yet the conditions of its life will generally be changed in an
^sential manner. If ye wished to increase its average numbers
i

J
its new home, we jpould have to modify it in a different

’^'ay to what we shomd have done in its native country
; for

wp should have to give it some advantage over a different set

of competitors pr enemies. ^
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It is good thus to try in our imagination to give (iny form

some advantage over another. Probably in no single instance

should we know what to do, so as to succeed. It will

convince us of our ignorance on the mutual relations of all

organic beings
;
a convictibn as necessary, as it seems to be

difficult to acquire. All tlvat we can do, is to keep steadily in

•'mind that each organic being is striving to increase at a

geometrical ratio
;
that each at some period qf its life, during

some season of the year, during eacA generation or at intervals,

has to struggle for life, and to suffer great destruction. When
we reflect on this struggle, ve may console ourselves with

the full belief, that the war of nature is not incessant, that no
fear is felt, that death is generally prompt, and that the

vigorous, the healthy, and the happy survive and multiply.



'CH/PTER IV.

Natural ^election.
•

Natural Selection—Its power compared with man’s selection— Its

power on characters of trifling importance— Its power at all ages and
on both sexes—Sexual Selection—On the generality of intercrosses

between individuals of the same species—Circumstances favourable and
unfavourable to Natural Selection, namely, intercros‘^ing, isolation,

number of individuals—Slow action—Kxtinclion caused by Natural

Selection—Divergence of Character, related to the diversity o1"

inhabitants of any 'small area, and to naturalisation— Action ol

Natural Selection, through Divergence of Character and Extinction,

on the descendants from a common parent— Explains the Cirouping of

all organic beings.

How will the sStriiggle for existence, discussed too briefly

in the last chapter, act in regard to variation ? Can the

principle of selection, which we have seen js so potent in

the hands of man, apply in nature ? 1 think we shall see

that It can act most effectually. Let it be borne in mind
in what an endless number of strange peculiarities our

domestic productions, and, in a lesser degree, those under
nature, vary

;
and how strong the hereditary tendency is.

Und/T domestication, it may be truly caid that^the whole
organisation becomes in some degree plastic. Let it be borne
irf mind how infinitely complex and close-fitting are the

mutual relations of all organic beings to each other and to

their physical conditions of life. Can it, then, be thought

inprobable, seeing that variations useful to man have un-

doubtedly occurred, that other variations useful in some way
to each being in the great and complex battle of life, should

sometimes occur in the course of thousands of generations?
If such do occur, car| we doubt (remembering that many
more individuals are /born than can pos.sil)ly survive) that

individuals having any advantage, however slight, over others,

^

would have the best chance of surviving and of procreat^g

71
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iheir kind ? On the other hand, we may feel sure that any
variation in the least degree injurious would be^ rigidly

destroyed. This preservation of favourable variations and
the rejection of injurious variations, I call Natural Selection.

Variations neither useful npr injurious would not fte affected

by natural selection, and would be left a fluctuating element,

^s perhaps we see in the species called polymorphic.

We shall best understand the probable course of natural

selection by taking the case of a coiftitry undergoing some
physical change, for instance, of cfimate. The proportional

numbers of its inhabitants would almost immediately undergo
a change, and some specieS might become extinct. We may
conclude, from what we have seen of the intimate and
complex manner in which the inhabitants of each country

are bound together, that any change in the numerical pro-

portions of some of the inhabitants, independently of the

change of climate itself, would most seriously affect many
of the others. If the country were open on its borders,

new forms would certainly immigrate, * and this also would
seriously disturb the relations of some of the former inhabitants.

Let it be remembered how powerful the influence of a single

introduced tree or mammal has been shown to be. But in

the case of an island, or of a country partly surrounded by
barriers, into which new and better adapted forms could
not freely enter^ we should then have places in the economy
of nature which would assuredly be better filled up, if some
of the original inhabitants were in some manner modified

;

for, had the area been open to immigration, these same
places would have been seized on by intruders. Ip such
case, every slight modification, which in the course of ages
chanced Xp arise, and which in any way favoured the .indi-

viduals of any of the species, by better adapting them to

their altered conditions, would tend to be pi;eserved; ahd
natural selection would thus have free scope for the work of
improvement.

We have reason to believe, as stated in the first chapter,

that a change in the conditions of life, by specially acting

on the reproductive system, causes or increases variability

;

and in the foregoing case the conditions of life are supposed
to have undergone a change, and this would manifestly be
favourable to natural selection, by ^ving a better chance
of profitable variations occurring

; and unless profitable varia-

tions do occur, natural selection can do nothing. Not that,
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as I belifive, any extreme amount of variability is^necessatyV'^

as man lian certainly produce great results^' hf adding up idi
^

any given direction mere individual differences, so could ^

Nature, but far more easily, from having Jncomjnrably.bnger
'

time at her^iisposal. Nor do I belipve that any gr-eat physical

change, as of climate, or any unusual degree of isolation to

to check immigration, is actually ftecessary to produce new^
and unoccupied places for natural selection ' to fill up by
modifying and improving some of - the varying inhabitants.

For as all the .inhabitant? of each country are struggling

together with nicely balanced forces, extremely slight modi-
fications in the strvicture or habift of one inhabitant would
often give it an advantage over others; and still further

modifications of the*same kii:^d would often still further increase

the advantage. No country can be named in which all the

native inhabitants are now so perfectly adapted to each other

and to the physical conditions under which they live, that

none of them could anyhow be improved
;
for in all countries,

the natives have beeA so far conquered by naturalised pro-

ductions, that they have allowed foreigners to take firm

possession of the land. And as foreigners have thus every-

where beaten some of the natives, we may safely conclude
that the natives might have been modified with advantage,

so as to have better resisted such intruders.

As man can produce and certainly has prpduced a great

result by his methodical and unconscious means of selection,

what may not nature effect? Man can act only on external

and visible characters : nature cares nothing for appearances,
except in so far as they may be useful to any being. She
can act on every internal organ, on every shade of constitutional

difference, on the whole machinery of .life. Man selects

only for his cwn good; nature only for that of the being
wlfich she tenjfis. Every selected character is fully exercised
by her

; and the being is placed under well-suited conditions
of life. Man keeps the natives of many climates in the

same country; he seldom exercises each selected character
in some peculiar and fitting manner

; he feeds a long and
a short beaked pigeon on the same food ; he does not exercise
a long-backed or long-legged quadruped in any peculiar

manner
; he exposes ' heep with long and short wool to

the same climate. does not allow the most vigorous
males to struggle for * the females. He does not rigidly

oestroy all inferior animals, but protects during each varyii^
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season, as far as lies in his power, all his productions. He
often begins his selection by some half-monstrous Vorm

;
or

at least by some modification prominent enough to catch

his eye, or to be plainly useful to him. Under nature, the

slightest difference of structure or constitutiort may well

turn the nicely-balanced scale in the struggle for life, and
so be preserved. How fleeting are the wishes and efforts

of man ! how short his time ! and consequently how poor

will his products be, compared with those accumulated by

nature during whole geological periods. Can we wonder,

then, that nature’s productions should be far “truer” in

character than man’s productions ; th^^t they should be
infinitely better adapted to the most complex conditions of

life, and should plainly bear the stamp of far higher work-

manship ?

It may be said that natural selection is daily and hourly

scrutinising, throughout the world, every variation, even the

slightest
;
rejecting that which is bad, preserving and adding

up all that is good
;
silently and insensioly working, whenever

and wherever opportunity offers, at the improvement of each

organic being in relation to its organic and inorganic

conditions of life. We see nothing of these slow changes in

progress, until the hand of time has marked the long lapse

of ages, and then so imi^erfect is our view into long past

geological ages, that we only see that the forms of life are

now different from what they formerly were.

Although natural selection can act only through and for

the good of each being, yet characters and structures,

which we are apt to consider as of very trifling im-

portance, may thus be acted on. When we see leaf-eating

insects green, and bark-feeders mottled-grey
;

the alpine

ptarmigan white in winter, the red-grouse 4he colour of

heather, and the black-grouse that of peaty earth, we mfist

believe that these tints are of service to these birds and
insects in preserving them from danger. Grouse, if not
destroyed at some period of their lives, would increase in

countless numl)ers ; they are known to suffer largely from
bi.'is of prey; and hawks are guided by eyesight to their

prey,—so luuch so, that on parts of the Continent persons
are warned not to keep white pigeefns, as being the most
liable to destruction. Hence I can ^jee no reason to doubt
that natural selection might be most effective in giving the
[yoper colour to each kind of grouse, and in keeping that
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colour, irhen once acquired, true and constant Nor ought

we to think that the occasional destruction of an animal of

any particular colour would produce little effect : we should

remember »how essential it is in a flock of white sheep to

destroy every lamb with the faiAtest trace of black. In

plants the down on the fruit and the colour of the flesh

are considered by botanists as characters of the most trifling'*

importance
:

yet we hear from an excellent horticulturist,

Downing, that in the United States smooth-skinned fruits

suffer far more from a beetle, a curculio, than those with

down ;
that purple plums suifcr ’ far more from a certain

disease than yellow plums; whereas another disease attacks

yellow-fleshed peaches far more than those with other coloured
flesh. If, with all the aids of art, these slight differences

make a great difference in cultivating the several varieties,

assuredly, in a state of nature, where the trees would have
to struggle with other trees and vrith a host of enemies,

such differences would effectually settle which variety, whether
a smooth or downy, a yellow or purple fleshed fruit, should
succeed.

In looking at many small points of difference between
species, which, as far as our ignorance permits us to judge,

seem to be quite unimportant, we must not forget that

climate, food, &c., probably produce some slight and direct

effect. It is, however, far more necessary to bear in mind
that there are many unknown laws of correlation of growth,

which, when one part of the organisation is modified through
variation, and the modifications are accumulated by natural

selection for the good of the being, will cause other modifi-

cations, often of the most unexpected ngture.
^

As we see that those variations which under domestication
a^i^iear at any particular period of life, tend to reappear
in the offspring at the same period ;—for instance, in the
seeds of the many varieties of our culinary and agricultural

plants; in the caterpillar and cocoon stages of the varieties

of the silkworm; in the eggs of poultry, and in the
colour of the down of their chickens

;
in the horns of

our sheep and cattle when nearly adult ;—so in a state

of nature, natural selection will be enabled to act on and
modify organic beings at any age, by the accumulation of
profitable variations at *that age, and by their inheritance at

a corresponding age. If it profit a plant to have its seeds
'more and more widely disseminated by the wind, I can
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see no greater difficulty in this being effected througji natural

selection, than in the cotton-planter increasing and improving

by selection the down in the pods on his cotton-trees. Natural

selection may modify and adapt the larva of insect to

a score of contingencies,* wholly different from those which

concern the mature insqpt. These modifications will no
' doubt affect, through the laws of correlation, the structure

of the adult; and probably in the. case of ^hose insects

which live only for a few hours# and which never feed, a

large part of their structure is merely the* correlated result

of successive changes in « th# structure of their larvae. So,

conversely, modifications in the adult •will probably often

affect the structure of the larva
; but in all cases natural

selection will ensure that modifications consequent on other

modifications at a different period of life, shall not be in

the least degree injurious ; for if they became so, they would
cause the extinction of the species.

Natural selection will modify the ste-ucture of the young
in relation to the parent, and of the parent in relation to

the young. In social animals it will adapt the structure of

each individual for the benefit of the cornr»unity
;

if each

in consequence profits by the selected change. What natural

selection cannot do, is to modify the structure of one species,

without giving it any advantage, for the good of another

species
;
and tfnough statements to this effect may be found

in works of natural history, 1 cannot find one case which
will bear investigation. A structure used only once in an
animaVs whole life, if of high importance to it, might be
modified to any extent by natural selection

;
for instance,

the great jaws possessed by certain insects, and used ex-

clusively* for opening the cocoon—or the hjrd tip to the

beak of nestling birds, used for breaking the egg. It ,has

been asserted, that of the best short-beaked Aimbler-pigeons

more perish in the egg than are able to get out of it ; so

that fanciers assist in the act of hatching. Now, if nature

had to make the beak of a full-grown pigeon very short

for the bird’s own advantage, the process of modification

would be very slow, and there would be simultaneously the

most vigorous selection of the youns birds within the egg,

which Ijad the most powerful andihardest beaks, for all

with weak beaks would inevitably perish : or, more delicate

and more easily broken shells might be selected, the thickness
Sf the shell being known to vary like every other structure.
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'SexualiSelection .—Inasmuch as peculiarities often appear

under domestication in one sex and become hereditarily

attached to that sex, the same fact probably occurs under

nature, and^if so, natural selection will be able to modify

one sex in its functional relations Uo the other sex, or in

relation to wholly different habits of life in the two sexes,

as is sometimes the case with insects. And this leads me
to say* a few words on what I call Sexual Selection. This

depends, not on a struggle, for existence, but on a struggle

between the males for possession of the females ; the result

is not death to the unsuccesCful competitor, but few or

no offspring. Sexuaf' selection is, therefore, less rigorous than

natural selection. Generally, the most vigorous males, those

which are best fitted for the*ir places in nature, will leave

most progeny. But in many cases, victory will depend not

on general vigour, but on having special weapons, confined

to the male sex. A hornless stag or spurless cock would
have a poor chance ,cf leaving offspring. Sexual selection

b) always allowing the victor to breed might surely give

indomitable courage, length to the spur, and strength to

the wing to strike in the spurred leg, as well as the brutal

cock-fighter, who knows well that he can improve his breed

by careful selection of the best cocks. How low in the

scale of nature this law of battle descends, I know not

;

male alligators have been described as fighting, bellowing,

and whirling round, like Indians in a war-dance, for the

possession of the females
;

male salmons have been
seen fighting all day long; male stag-beetles often bear

,
wounds from the huge mandibles of other males. The war

> is, perhaps, severest between the males of polygamous^animals,

I
and these seem ^^ftenest provided with special weapons. The

f
males of carnivorous animals are already well armed

;
though

* to them and to others, special means of defence may be

!
given through means of sexual selection, as the mane to

the lion, the shoulder-pad to the boar, and the hooked
jaw to the male salmon

;
for the shield may be as important

for victory, as the sword or spear.

Amongst birds, the contest is often of a more peacefu'

character. All those who have attended to the subject,

» l)elieve that there is the severest rivalry between the males
of many species to attract by singing the females. The

,

rock-thrush of Guiana, birds of Paradise, and some others,

congregate ; and successive males display their gorgeous
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plumage and perform strange antics before the femiles, which

standing by as spectators, at last choose the most attractive

partner. Those who have closely attended to birds in con-

finement well know that they often take individual preferences

and dislikes : thus Sir * R. Heron has described how one
pied peacock was eminently attractive to all his hen birds.

It may appear childish to attribute any effect td such

apparently weak means : I cannot here enter^ on the' details

necessary to support this view ;%but if man can in a short

time give elegant carriage and beauty to his bantams, according

to his standard of beauty,® I can see no good reason to

doubt that female birds, by selecting,^ during thousands of

generations, the most melodious or beautiful males, according

to their standard of beauty, m*ight produce a marked effect.

1 strongly suspect that some well-known laws with respect

to the plumage of male and female birds, in comparison
with the plumage of the young, can be explained on the

view of plumage having been chiefly modified by sexual

selection, acting when the birds have come to the breeding

age or during the breeding season
;

the modifications thus

produced being inherited at corresponding t^ges or seasons,

either by the males alone, or by the males and females

;

but I have not space here to enter on this subject.

Thus it is, as I believe, that when the males and females of

any animal Have the same general habits of life, but differ

in structure, colour, or ornament, such differences have been
mainly caused by sexual selection ; that is, individual males
have had, in successive generations, some slight advantage
over other males, in their weapons, means of defence, or

charms
^
and hav^ transmitted these advantages to their male

offspring. Yet, I would not wish to attribute all such* sexual

differences to this agency : for we see peculiarities arising^and

becoming attaclied to the male sex in our domestic animals
(as the wattle in male carriers, horn-like protuberances in the

cocks of certain fowls, &c.), which we cannot believe to be
cither useful to the males in battle, or attractive to the females.

VV"e see analogous cases under nature, for instance, the tuft

of hair on the breast of the turkey-cock, which can hardly be
eithc” useful or ornamental to this bird ;—indeed, had the
tuft apneared under domestication, it would have been called

a monstrosity. •

# , .
• -

lilustrafions of the action of Natural Selection .—In order
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to. make k clear how, as I believe, natural selection acts, 1

must beg permission to give one or two imaginary illustrations.

Let us take the case of a wolf, which preys on various animals,

securing some by craft, some by strength, and some by fleet-

ness ;
and ?bt us suppose that the^ fleetest prey, a deer for

instance, had from any change in the country increased in

numbers, or that other prey had decAjased in numbers, during

that season of the year when the wolf is hardest pressed for

food. I can under such circumstances see no reason to doubt
that the swiftest .and slimrflest wolves would have the best

chance of surviving, and so be preserved or selected,—provided

always that they retai/ied strength t6 master their prey at this

or at some other period of the year, when they might be com-
pelled to prey on otTier animals. 1 can see no more reason

to doubt this, than that man can improve the fleetness of his

greyhounds by careful and methodical selection, or by that

unconscious selection which results from each man trying to

keep the best dogs without any thought of modifying the

breed.

Even without any change in the proportional numbers of

the animals on which our wolf preyed, a cub might be born
nth an innate Tendency to pursue certain kinds of prey. Nor
can this be thought very improbable ; for we often observe
great differences in the natural tendencies of our domestic
animals

; one cat, for instance, taking to catcl^ rats, another
mice; one cat, according to Mr. St. John, bringing home
winged game, another hares or rabbits, and another hunting
on marshy ground and almost nightly catching woodcocks or

snipes. .The tendency to catch rats rather than mice is known
I to be inherited. Now, if any slight innate change of habit
or of ..structure benefited an individual wolf, it woi^ld have
the best chance’ of .surviving and of leaving offspring. Some
of Its young wqpld probably inherit the same habits or structure,

and by the repetition of this process, a new variety might
be formed which would either supplant or coexist with the
parent-form of wolf. Or, again, the wolves inhabiting a

mountainous district, and those frequenting the lowlands,
w’ould naturally be forced to hunt different prey; and from
the continued preservation of the individuals best fitted for

the two sites, two varieties might slowly be formed. These
t^arieties would cross and blend where they met; but to this

subject of intercrossing we shall soon have to return. I may
icld, that, according to Mr. Pierce, there are two varieties
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the wolf inhabiting the Catskill Mountains in the

States, one with a light greyhound-like form, which
deer, and the other more bulky, with shorter legs, whi<

frequently attacks the shepherd's flocks.

Let us now take a more complex case. Ccrtair

excrete a sweet juice, apparently for the sake of elin

something injurious fron^i their sap ; this is effected b)

at the base of the stipules in some Leguminosae, anc .

back of the leaf of the common laurel. This juice,

small in quantity, is greedily sou|>ht by insects. Let
suppose a little sweet juice or nectar to be excreted

inner bases of the petals bf a flower. In this case ins

seeking the nectar would get dusted with pollen, and
certainly often transport the pollen from one flower

stigma of another flower. The flowers of two <

individuals of the same species would thus get crosse

the act of crossing, we have good reason to believe \

hereafter be more fully alluded to), would product
vigorous seedlings, which consequent!}^ would have tl

chance of flourishing and surviving. Some of these se»

would probably inherit the nectar-excreting power,
individual flowers which had the largest glands or net

and which excreted most nectar, would be oftenest .

by insects, and would be oftenest crossed; and so
long-run would gain the upper hand. Those flowers

which had their stamens and pistils placed, in relat

the size and habits of the particular insects which visited

so as to favour in any degree the transportal of their

from flower to flower, would likewise be favoured or se

We might have taken the case of insects visiting flow(

the sake of collecting pollen instead of nectar
;
and as

^

is formed for the sole object of fertilisation,* its destr
appears a simple loss to the plant

; yet if a little poller

carried, at first occasionally and then habitually, b
pollen-devouring insects from flower to flower, and a
thus effected, although nine-tenths of the pollen were destJ

It might still be a great gain to the plant ; and those indiv
which produced more and more pollen, and had large
larger anthers, would be selected.

When our plant, by this process of the continued pre
tion or natural selection of more and more attr.

flowers, had been rendered highly attractive to insects,
would, unintentionally on their part, regularly carry j
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om fic!|w^er to flower
;
and that they can most effectually do

lis, I could easily show by many striking instances. I will

ive only one—not as a very striking case, but as likewise

lustratinfl^ one step in the separation of the sexes of plants,

resently to be alluded to. Som» holly-trees bear only male
owers, which have four stamen^ producing rather a small

uantity of pollen, and a rudimentary pistil
;
other holly-trees^

ear -only female flowers; these have a full-sized pistil, and
)ur stamens with shrivellgd anthers, in which not a grain of

ollen can be detected. Having found a female tree exactly

xty yards from a male tree,# I 4)ut the stigmas of twenty
owers, taken froni^different branches, under the microscope,

nd on all, withoiit exception, there were pollen-grains, and
n some a profusion of pollen. As the wind had set for

iveral days from the female to the male tree, the pollen could
ot thus have been carried. The weather had been cold and
oisterous, and therefore not favourable to bees, nevertheless

very female flower .which 1 examined had been effectually

iitilised by the bees, accidentally dusted with pollen, having
own from tree to tree in search of nectar. But to return to

ur imaginary case : as soon as the plant had been rendered
0 highly attractive to insects that pollen was regularly carried

ora flower to flower, another process might commence. No
aturalist doubts the advantage of what has been called the

physiological division of labour
;
” hence we may believe that

. would be advantageous to a plant to produce stamens alone
1 one flower or on one whole plant, and pistils alone in

nother flower or on another plant. In plants under culture

nd placed under new conditions of life, sometimes the male
rgans and sometimes the female organs become more or less

npotent ; now if we suppose this to occur in evA so slight

^
degree unfler nature, then as pollen is already carried

igularly from flower to flower, and as a more complete separa-

on of the sexes of our plant would be advantageous on the
rincipal of the division of labour, individuals with this

indency more and more increased, would be continually

ivoured or selected, until at last a complete separation of the

;xes would be effected.

Let us now turn to the nectar-feeding insects in our
naginary case : we may suppose the plant of which we have
een slowly increasing the nectar by continued selection,

j be a common plant
;
and that certain insects depended in

lain^ part on its nectar for food. I could give many fac%s,
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showing how anxious bees are to save time
;
for if stance,

their habit of cutting holes and sucking the nectar at the

bases of certain flowers, which they can, with a very little

more trouble, enter by the mouth. Bearing suc^ facts in

mind, I can see no reason to doubt that an accidental

deviation in the size and form of the body, or in the curvature

r-'^nd length of the proboscis, &c., far too slight to be appre-

ciated by us, might profit a bee or other insect, so that an
individual so characterised would tje able to obtain its food

more quickly, and so have a better chance of living and
leaving descendants. Its descendants would probably inherit

a tendency to a similar slight deviation Of structure. The
tubes of the corollas of the common red and incarnate clovers

(Trifolium pratense and incarnatum) do not on a hasty glance

appear to differ in length
;
yet the hive-bee can easily suck the

nectar out of the incarnate clover, but not cut of the common
red clover, which is visited by humble-bees alone

; so that whole
fields of the red clover offer in vain an abundant supply of

precious nectar to the hive-bee. Thus it might be a great

advantage to the hive-bee to have a slightly longer or

differently constructed proboscis. On the other, hand, 1 have
found by experiment that the fertility of clover greatly

depends on bees visiting and moving parts of the corolla, so

as to push the pollen on to the stigmatic surface. Hence,
again, if humble*bees were to become rare in any country, it

might be a great advantage to the red clover to have a shorter

or more deeply divided tube to its corolla, so that the hive-bee

could visit its flowers. Thus I can understand how a flower

and a bee might slowly become, either simultaneously or one
after the other, modified and adapted in the most perfect

manner to each other, by the continued preservation- of

individuals presenting mutual and slightly favofirable devia-

tions of structure.

I am well aware that this doctrine of natural selection,

exemplified in the above imaginary instances, is open to

the same objections which were at first urged against Sir

Charles Lyell’s noble views on “the modern changes of the

earth, as illustrative of geology
;
” but we now very seldom

hear the action, for instance, of the coast-waves, c&lJed a

trifling and insignificant cause, when applied to the excavation
of gigantic valleys or to the formation of the longest lines of
inland cliffs. Natural selection can act only by the preserva-

tioi and accumulation of infinitesimally small inherited
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• modifilitions, each profitable to the preserved being
;
and as

modern geology has almost banished such views as the

excavation of a great valley by a single diluvial wave, so will

natural selection, if it be a true principle, banish the belief of

the continued creation of new organic beings, or of any great

and sudden modification in their structure.

On the Intercrossing of Individuals,—I must here introduce

a short digression. In Jfie case of animals and plants with

separated sexes, it is of course obvious that two individuals

must always unite for eacl^ bjrth; but in the case of

hermaphrodites' thi« is far from obvious. Nevertheless I am
strongly inclined to believe that with all hermaphrodites two
individuals, either occasionally or habitually, concur for the

reproduction of their kind. This view, I may add, was first

suggested by Andrew Knight. We shall presently see its

importance; but I must here treat the subject with extreme
brevity, though I h^ve the materials prepared for an ample
discussion. All vertebrate animals, all insects, and some
other large groups of animals, pair for each birth. Modern
research much diminished the number of supposed
hermaphrodites, and of real hermaphrodites a large number
pair; that is, two individuals regularly unite for reproduction,

which is all that concerns us. But still there are many
hermaphrodite animals which certainly do not habitually pair,

and a vast majority of plants are hermaphrodites. What
reason, it may be asked, is there for supposing in these cases

that two individuals ever concur in reproduction? As it is

impossible here to enter on details, I must trust to some
general considerations alone.

In the first place, I have collected so “large a body of facts,

showing, in 'accordance with the almost universal belief of
Breeders, that with animals and plants a cross between different

varieties, or between individuals of the same variety but ot

another strain, gives vigour and fertility to the offspring
;
and

on the other hand, that close interbreeding diminishes vigour

and fertility ; that these facts alone incline me to believe that

it is a general law of nature (utterly ignorant though we be of
the meaning of the law) that no organic being self-fertilises

itself for an eternity of generations; but that a cross with

another individual i^ occasionally—perhaps at very long

intervals—indispensable.

On the belief that this is a law of nature, we can, I thi’jk.
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understand several large classes of facts, such as the ftl^lowing,

which on any other view are inexplicable. Every hybridizer

knows how unfavourable exposure to wet is to the fertilisation

of a flower, yet what a multitude of flowers have tly'ir anthers

and stigmas fully exposed to the weather 1 but if an occasional

cross be indispensable, the fullest freedom for the entrance

,.,pf pollen from another iridividual will explain this state of

exposure, more especially as the plant’s own anthers and .pistil

generally stand so close together that self-fertilisation seems
almost inevitable. Many flowers, on the other hand, have
their organs of fructification closely enclosed, as in the great

papilionaceous or pea-family; but in se\’^iral, perhaps in all,

such flowers, there is a very curious adaptation between the

structure of the flower and the manner in which bees suck the

ruectar; for, in doing this, they either push the flower’s own
pollen on the stigma, or bring pollen from another flower. So
necessary are the visits of bees to papilionaceous flowers, that

I have found, by experiments published elsewhere, that their

fertility is greatly diminished if these visits be prevented.

Now, it is scarcely possible that bees should fly from flower to

flower, and not carry pollen from one to the other, to the great

good, as I believe, of the plant. Bees will act like a camel-

hair pencil, and it is quite sufficient just to touch the anthers

of one flower and then the stigma of another with the same
brush to ensure fertilisation ;

but it must not be supposed
that bees would thus produce a multitude of hybrids between
distinct species ; for if you bring on the same brush a

plant’s own pollen and pollen from another species, the

former will have such a prepotent effect, that it will invariably

and completely destroy, as has been shown by Gartner, any
influence f-om the foreign pollen.

When the stamens ot a flower suddenly spring towards

the pistil, or slowly move one after the othe* towards it,

the contrivance seems adapted solely to ensure self-fertilisation

;

and no doubt it is useful for this end : but, the agency of

insects is often required to cause the stamens to spring

forward, as Kolreuter has shown to be the case with the

barberry ; and curiously in this very genus, which seems
to have a special contrivance for self-fertilisation, it is well

known that if very closely-allied forms or varieties are

planted near each other, it is hardly possible to raise pure
seedlings, so largely do they naturally cross. In many other

-c^ses, far from there being any aids for self-fertilisation, thew?
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are special contrivances, as I could sliow from the writings

of C. C. Sprengel and from my own observations, which
effectually prevent the stigma receiving pollen from its own
dower

: /V instance, in Lobelia fulgens, there is a really

beautiful and elaborate contrivance by which every one
of the infinitely numerous pollen -granules are swept out of

the conjoined anthers of each flower, before the stigma ofn*

that individual flower is ready to receive them ; and as this

flower is never visited, least in my garden, by insects,

it never sets a' seed, though by placing pollen from one
flower on the stigma of anothe% I /aised plenty of seedlings

;

and whilst another^ species of Lobelia growing close by,

which is visited hy^ bees, seeds freely. In very many other

cases, though there be no* special mechanical contrivance

to prevent the stigma of a flower receiving its own pollen,

yet, as C. C. Sprengel has shown, and as I can confirm,

either the anthers burst before the stigma is ready for

fertilisation, or the ^tigma is ready before the pollen of

that flower is ready, so that these plants have in fact separated

sexes, and must habitually be crossed. How strange are

these facts ! How strange that the pollen and stigmatic

surface of the same flower, though placed so close together,

as if for the very purpose of self-fertilisation, should in so

many cases be mutually useless to each other ! How simply

are these facts explained on the view of an occasional cross

with a distinct individual being advantageous or indis-

pensable !

If several varieties of the cabbage, radish, onion, and of

some other plants, be allow^ed to seed near each other, a

large majority, as I have found, of the seedlings thus raised

will ‘turn out mongrels: for instance, I “raised 235 seedling

cabbages froir? some plants of different varieties growing near

each other, ind of these only 78 were true to their kind,

and some even of these were not perfectly true. Yet the

pistil of each cabbage-flower is surrounded not only by its

own six stamens, but by those of the many other flowers on
the same plant. How, then, comes it that such a vast number
of the seedlings are mongrelized. I suspect that it must
arise from the pollen of a distinct variety having a prepotent
effect over a flower’s own pollen ; and that this is part of
the general law of goqfl being derived from the intercrossing

of distinct individuals of the same species. When distinct

species are crossed the case ' is directly the reverse, for
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plant’s own pollen is always prepotent over foreign!* pollen

;

but to this subject we shall return in a future chapter.

In the case of a gigantic tree covered with innumerable
flowers, it may be objected that pollen could f^eldom be
carried from tree to tree,*- and at most only from flower to

flower on the same tree, and that flowers on the same tree

r‘Can be considered as distinct individuals only in a limited

sense. I believe this objection to be valid, bi^t that nature

has largely provided against it b^v giving to trees a strong

tendency to bear flowers with separated sexes. When the

sexes are separated, althouglv the male and female flowers

may be produced on the same tree, we'^can see that pollen

must be regularly carried from flower te flower ; and this

will give a better chance of pollen being occasionally carried

from tree to tree. That trees belonging to all Orders have
their sexes more often separated than other plants, I find

to be the case in this country
;
and at my request Dr. Hooker

tabulated the trees of New Zealand, cinfl Dr. Asa Gray those

of the United States, and the result was as I anticipated.

On the other hand. Dr. Hooker has recently informed me
that he finds that the rule does not hold in Australia; and
I have made these few remarks on the sexes of trees simply

to call attention to the subject.

Turning for a very brief space to animals : on the land

there are some* hermaphrodites, as land-mollusca and earth-

worms
;
but these all pair. As yet I have not found a single

case of a terrestrial animal which fertilises itself. We can

understand this remarkable fact, which offers so strong a

a contrast with terrestrial plants, on the view of an occasional

cross being indispensable, by considering the medium in

which tcrfestrial aniftials live, and the nature of the fertilising

element
;
for we know of no means, analogous^ to the action

of insects and of the wund in the case of plants, by which
an occasional cross could be effected with terrestrial animals

without the concurrence of two individuals. Of aquatic

animals, there are many self-fertilising hermaphrodites; but

here currents in the water offer an obvious means for an
occasional cross. And, as in the case of flowers, I have
as yel failed, after consultation with one of the highest

authorities, namely, Professor Huxley, to discover a single

case of an hermaphrodite animal with the organs of reproduc

tion so perfectly enclosed within the body, that access from
vyithont and the occasional influence of a distinct individual
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can be 'shown to be physically impossible. Cirripedes long

appeared to me to present a case of very great difficulty under
this point of view ; but I have been enabled, by a fortunate

chance, el^iwhere to prove that two individuals, though both

are self-fertilising hermaphrodites, do sometimes cross.

It must have struck most naturalists as a strange anomaly
that, 'in the case of both animals and plants, species of the''

same 'family and even of the same genus, though agreeing

closely with each other im almost their whole organisation,

yet are not rarely, some of them hermaphrodites, and some
of them unisexual, ^^ut if, iit fact, all hermaphrodites do
occasionally intercross with other individuals, the difference

between hemaphrddites and unisexual species, as far as

function is concerned, becomes very small.

From these several considerations and from the many
special facts which I have collected, but which I am not

here able to give, I am strongly inclined to suspect that,

both in the vegetable and animal kingdoms, an occasional

intercross with a distinct individual is a law of nature. I am
well aw'are that there are, on this view, many cases of difficulty,

some of which I am trying to investigate. Finally then, we
may conclude that in many organic beings, a cross between
two individuals is an obvious necessity for each birth ; in

many others it occurs perhaps only at long intervals
; but

in none, as I suspect, can self-fertilisati5n go on for

perpetuity.

Circumstances favourable to Natural Selection .—This is

an extremely intricate subject. A large amount of inheritable

and diversified variability is favourable, but I believe mere
individual diffj?rences suffice for the work. A large number
of. individuals, by giving a better chance for the appearance
within any ^ven period of profitable variations, will com-
pensate for a lesser amount of variability in each individual,

and is, I believe, an extremely important element of success.

Though nature grants vast periods of time for the work
of natural selection, she does not grant an indefinite period

;

for as all organic beings are striving, it may be said, to

seize on each place in the economy of nature, if any one
species does not become modified and improved in a
corresponding degree with its competitors, it will soon be
exterminated.

In man’s methodical selection, a breeder selects for somt
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definite object, and free intercrossing will wholly *stop his

work. But when many men, without intending to alter

the breed, have a nearly common standard of perfection, and
all try to get and breed from the best animals, muA improve-

ment and modification surely but slowly follow from this

unconscious process of cselection, notwithstanding a large

‘amount of crossing with inferior animals. Thus it will be
in nature

;
for within a confined area, with *some place in

its polity not so perfectly occulted as might be, natural

selection will always tend to preserve all the individuals

varying in the right direcTdoii, though ^n different degrees,

so as better to fill up the unoccupied place. But if the area

be large, its several districts will almost certainly present

different conditions of life
;
and then if natural selection be

modifying and improving a species in the several districts,

there wdll be intercrossing with the other individuals of the

same species on the confines of each. And in this case

the effects of intercrossing can hardly be counterbalanced

by natural selection always tending to modify all the

individuals in each district in exactly the same manner to

the conditions of each
;
for in a continuous area, the conditions

will generally graduate away insensibly from one district

to another. The intercrossing will most affect those animals

which unite for each birth, which 'wander much, and which

do not breed at a very quick rate. Hence in animals of

this nature, for instance in birds, varieties will generally be
confined to separated countries

;
and this I believe to be

the case. In hermaphrodite organisms which cross only

occasionally, and likewise in animals which unite for each

birth, but which w’ander little and which can increase, at a

very rapid rate, a new and improved variety might be quickly

formed on any one spot, and might there maintain it»:lf

in a body, so that whatever intercrossing took place would
be chiefly between the individuals of the same new variety.

A local variety when once thus formed might subsequently

slowly spread to other districts. On the above principle,

nurserymen always prefer getting seed from a large body of

plants of the same variety, as the chance of intercrossing

with other varieties is thus lessened.

Even in the case of slow-breeding animals, which unite

for each birth, we must not overrate the effects of intercrosses

in retarding natural selection
; for I can bring a considerable

dataiogue of facts, showing that within the same area, varieties
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ot the same animal can long remain distinct, from haunting

different stations, from breeding at slightly different seasons,

or from va?;ieties of the same kind preferring to pair together.

Intercrossing plays a very important part in nature in

keeping the individuals of the sam*e species, or of the same
variety, true^nd uniform in chanacter. It will obviously

thus dct far more efficiently with those animals which unite

for each birth
;
but I have already attempted to show that

we have reason to believe? that occasional intercrosses take

place with all animals and with all plants. Even if these

take place only at long interv^s, am convinced that the

young thus produced will gain so much in vigour and
fertility over the offspring from long-continued self-fertilisation,

that they will have a better chance of surviving and pro-

pagating their kind ; and thus, in the long run, the influence

of intercrosses, even at rare intervals, will be great. If there

exist organic beings which never intercross, uniformity of

character can be retained amongst them, as long as their

conditions of life remain the same, only through the principle

of inheritance, and through natural selection destroying any
which depart "'from the proper type

;
but if their conditions

of life change and they undergo modification, uniformity

of character can be given to their modified offs])ring, solely

by natural selection preserving the same favourable variations.

Isolation, also, is an important element in the process

of natural selection. In a confined or isolated area, if not

very large, the organic and inorganic conditions of life will

generally be in a great degree uniform; so that natural

selection will tend to modify all the individuals of a varying

species throughout the area in the same, manner ip relation

to the same coiiditions. Intercrosses, also, with the individuals

of^ the same species, which otherwise would have inhabited

the surrounding and differently circumstanced districts, will

l>e prevented. But isolation probably acts more efficiently

in checking the immigration of better adapted organisms, after

any physical change, such as of climate or elevation of the

land, &c.
; and thus new places in the natural economy of

the country are left open for the old inhabitants to struggle

for, and become adapted to, through modifications in their

structure and constitution. Lastly, isolation, by checking
immigration and consequently competition, will give time
for any new variety to be slowly improved

;
and this may

sometimes be of importance in the production of new specieil^
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If, however, an isolated area be very small, either from
being surrounded by barriers, or from having very peculiar

physical conditions, the total number of the individuals

supported on it will necessarily be very small
; alfid fewness

of individuals will greatly fetard the production of new species

through natural selection^t by decreasing the chance of the

appearance of favourable variations.

If we turn to nature to test the truth of i these remarks,

and look at any small isolated carea, such as an oceanic

island, although the total number of the species inhabiting

it, will be found to be small,»as we shgll see in our chapter

on geographical distribution; yet of tnese species a very

large proportion are endemic,—that is, have been produced
there, and nowhere else. Hence an oceanic island at first

sight seems to have been highly favourable for the production

of new species. But we may thus greatly deceive ourselves,

for to ascertain whether a small isolated area, or a large

open area like a continent, has been most favourable for

the production of new organic forms, we ought to make the

comparison within equal times ; and this we are incapable

of doing.

Although I do not doubt that isolation is of considerable

importance in the production of new species, on the whole
I am inclined to believe that largeness of area is of more
importance, more especially in the production of species,

which will prove capable of enduring for a long period, and
of spreading widely. Throughout a great and open area,

not only will there be a better chance of favourable variations

arising from the large number of individuals of the same
Species there supported, but the conditions of life are infinitely

complex Vrom the large number of already existing species ;

and if some of these many species become modified at\d

improved, others will have to be improved in a ’corresponding

degree or they will be exterminated. Each new form, also,

as soon as it has been much improved, will be able to

spread over the open and continuous area, and will thus

come into competition with many others. Hence more new
places will be formed, and the competition to fill them will

be more severe, on a large than on a small and isolated

area. Moreover, great areas, though now continuous, owing
to oscillations of level, will often have recently existed in

a broken condition, so that the good effects of isolation will

generall)', to a certain extent, have concurred. Finally, T
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conclude^ that, although small isolated areas probably have

been in some respects highly favourable for the production

of new species, yet that the course of modification will gener-

ally have h'jen more rapid on large areas; and what is more
important, that the new forms produced on large areas, which

already have been victorious over rpany competitors, will be
those. that will spread most widely, will give rise to most
new Varieties and species, and will thus play an important

part in the changing history of the organic world.

We can, perhaps, on these views, understand some facts

which will be again alluded to in» ow chapter on geographical

distribution
;
for instance, that the productions of the smaller

continent of Austri>^ia have formerly yielded, and apparently

are now yielding, before those of the larger Europajo-Asiatic

area. Thus, also, it is that continental productions .have

everywhere become so largely naturalised on islands. On
a small island, the race for life will have been less severe,

and there will have been less modification and less extermina-

tion. Hence, perhai)s, it comes that the flora of Madeira,

according to Oswald Heer, resembles the extinct tertiary

flora of Europe. All fresh-water basins, taken together, make
a small area compared with that of the sea or of the land ;

and, consequently, the competition between fresh-water pro-

ductions will have been less severe than elsewhere; new
forms will have been more slowly formed, and old forms

more slowly exterminated. And it is in fresh water that

we find seven genera of Ganoid fishes, remnants of a once
preponderant order : and in fresh water we find some of

the most anomalous forms now known in the world, as the

Ornithorhynchus and Lepidosiren, which, like fossils, connect

to a certain extent orders now widely separated in thfe natural

scale. These anomalous forms may almost be called living

fossils
;
they liave endured to the present day, from having

inhabited a confined area, and from having thus been exposed
to less severe competition.

To sum up the circumstances favourable and unfavourable

to natural selection, as far as the extreme intricacy of the

subject permits. I conclude, looking to the future, that for

terrestrial productions a large continental area, which will

probably undergo many oscillations of level, and which con-

sequently will exist foi; long periods in a broken condition,

will be the most favourable for the production of many new
forms of life, likely to endure long and to spread widely >
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For the area will first have existed as a continent,^ and the

inhabitants, at this period numerous in individuals and kinds,

will have been subjected to very severe competition. When
converted by subsidence into large separate is|/l.nds, there

will still exist many individuals of the same species on each

island : intercrossing on^ the confines of the range of each

species will thus be checked : after physical changes of any
kind, immigration will be prevented, so that new places in

the polity of each island willj^have to be filled up by
modifications of the old inhabitants

; and time will be
allowed for the varieties •in #each to ^become well modified
and perfected. When, by renewed '^.levation, the islands

shall be re-converted into a continental area, there will

again be severe competition : the most favoured or improved
varieties will be enabled to spread : there will be much
extinction of the less improved forms, and the relative

proportional numbers of the various inhabitants of the renew^ed

continent will again be changed ; and again there will be
a fair field for natural selection to improve still further the

inhabitants, and thus produce new species.

That natural selection will alw^ays act with extreme slowness,

I fully admit. Its action depends on there being places

in the polity of nature, which can be better occupied by
some of the inhabitants of- the country undergoing modifica-

tion of some 'kind. The existence of such places will often

depend on physical changes, which are generally very slow,

and on the immigration of better adapted forms having been
checked. But the action of natural selection will probably

still oftener depend on some of the inhabitants becoming
slowly modified; the mutual relations of many of the other

inhabitafits being thus disturbed. Nothing can be effected,

unless tavourable variations occur, and variation itself is

apparently always a very slow process. The process vTiP

often be greatly retarded by free intercrossing. Many will

exclaim that these several causes are amply sufficient wholly

to stop the action of natural selection, I do not believe

so. On the other hand, I do believe that natural selection

will always act very slowly, often only at long intervals of

time, and generally on only a very few of the inhabitants of

the same region at the same time. 1 further believe, that

this very slow, intermittent action of patural selection accords
perfectly well with what geology tells us of the rate and
fanner at which the inhabitants of this world have changed.
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51ow tiiough the process of selection may be, if feeble

man can do much by his powers of artificial selection, I can
see no limit to the amount of change, to the beauty and
infinite con plexity of the coadaptations between all organic

beings, one with another and with their physical conditions

of life, which may be effected in the long course of time

by natpre’s power of selection.

i

Extinction.—This subject, will be more fully discussed in

our chapter on Geology; but it must be here alluded to

from being intimately, connect/^d ,with natural selection.

Natural selection act., solely through the preservation of

variations in some ^way advantageous, which consequently

endure. But as from the high geometrical powers of increase

of all organic beings, each area is already fully stocked with

inhabitants, it follows that as each selected and favoured form
increases in number, so will the less favoured forms decrease

and become rare. Rarity, as geology tells us, is the precursor

to extinction. We can, also, see that any form represented

by few individuals wall, during fluctuations in the seasons

;
or in the number of its enemies, run a good chance of utter

extinction. But we may go further than this
;

for as new

I
forms are continually and slowly being produced, unless we

j

believe that the number of specific forms goes on perpetually

;

and almost indefinitely increasing, numbers iixjvitably must
become extinct. That the number of specific forms has not

I

indefinitely increased, geology shows us plainly; and indeed

I

we can see reason why they should not have thus increased,

I for the number of places in the polity of nature is not

I
indefinitely great,—not that we have any means of knowing

I
that any one region has as yet got its maximum of ^species,

^
Probably no re'gion is as yet fully stocked, for at the Cape
of'^Good Hop^,, w^here more species of plants are crowded

I together than in any other quarter of the world, some foreign

I
plants have become naturalised, without causing, as far as

I
we know, the extinction of any natives.

I Furthermore, the species which are most numerous in

individuals will have the best chance of producing within

iany gjiven period favourable variations. We have evidence

lof this, in the facts given in the second chapter, showing
fthat it is the common species which afford the greatest

Inumber of recorded vaneties, or incipient species. Hence,
ware species wdll be less quickly modified or improved within



94 ON THE ORIGIN OF SPECIES.

any given period, and they will consequently be ^beaten 'in

the race for life by the modified descendants of the commoner
species.

From these several considerations I think ^t inevitably

follows, that as new species in the course of time are formed
through natural selectipn, others will become rarer and
rarer, ar\d finally extinct! The forms which stand in, closest

competition with those undergoing modification Kind improve-

ment, will naturally suffer most.g^ And we have seen in the

chapter on the Struggle for Existence that it is the most
closely-allied forms,—varieWes of the same species, and
species of the same genus or of relat^ genera,—which, from
having nearly the same structure, corwtitution, and habits,

generally come into the severest competition with each

other. Consequently, each new variety or species, during

the progress of its formation, will generally press hardest

on its nearest kindred, and tend to exterminate them. We
see the same process of extermination amongst our domesti-

cated productions, through the selection of improved forms

by man. Many curious instances could be given showing
how quickly new breeds of cattle, sheep, and -other animals,

and varieties of flowers, take the place of older and inferior

kinds. In Yorkshire, it is historically known that the ancient

black cattle were displaced by the long-horns, and that

these “ were** swept away by the short-horns ” (I quote the

words of an agricultural writer) “as if by some murderous
pestilence.**

Divergence of Character,—The principle, which I have
designated by this term, is of high importance on my theory,

and explains, as I believe, several important facts. In the

first place, varieties, even strongly-marked ones, though
having somewhat of the character of species—as is sht;wn

by the hopeless doubts in many cases how to rank them

—

yet certainly differ from each other far less than do good
and distinct species. Nevertheless, according to my view,

vaiieties are species in the process of formation, or are, as

I h'^ve called them, incipient species. How, then, does the
lesser difference between varieties become augmented into

the greater difference between species? That this does
habitually happen, we must infer from most of the innumerable
species throughout nature presenting^ well-marked differences

;

whereas varieties, the supposed prototypes and parents of
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future weU-marked species, present slight and ill-defined

differences^ Mere chance, as we may call it, might cause

one variety to differ in some character from its parents, and
the offspfin^ of this variety again to differ from its parent

in the yery same character and in a greater degree
;
but

this alotie would never account for sp habitual and large an
amount I of difference as that between v^jielies of tfee same
species and species of the same genus.

As has always been my ji-actice, let us seek light on this

head from our domestic productions. We shall here find

something analogous. fancier m struck by a pigeon having

a slightly shorter beak f another fancier is struck by a pigeon

having a rather longer beak; and on the acknowledged
principle that “fanciers do not and will not admire a

medium standard, but like extremes,” they both go on (as

has actually occurred with tumbler-pigeons) choosing and
breeding from birds with longer and longer beaks, or with

shorter and shorter beaks. Again, we may suppose that

at an early period one man preferred swifter horses
; another

stronger and more bulky horses. The early differences would
be very slights in the course of time, from the continued

selection of swifter horses by some breeders, and of stronger

ones by others, the differences 'would become greater, and
would be noted as forming two sub-breeds

;
finally, after

the lapse of centuries, the sub-breeds would becofne converted

into two well-established and distinct breeds. As the

differences slowly become greater, the inferior animals with

intermediate characters, being neither very swift nor very

strong, will have been neglected, and will have tended to

disappear. Here, then, we see in man’s productions the

action of what ^nay be called the principle of divet^ence,

causing differences, at first barely appreciable, steadily to

increase, and the breeds to diverge in character both from
each other and from their common parent.

But how, it may be asked, can any analogous principle

apply in nature? I believe it can and does apply most
efficiently, from the simple circumstance that the more
diversified the descendants from any one species become
in structure, constitution, and habits, by so much will they

^
be better enabled to seize on many and widely diversified

' places in the polity of najure, and so be enabled to increase

m numbers.

) We can clearly see this in the case of animals with 1
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simple habits. Take the case of a carnivorous quadru
‘

of which the number that can be supported in any con

has long ago arrived at its full average. If its natural po
of increase be allowed to act, it can succeed Ih increa

(the country not undergoing any change in its conditi

only by its varying des^'endants seizing on places at prest

occupied by other animals : some of them, for instance, bei

enabled to feed on new kinds of prey, either cjead or ah*

some inhabiting new stations, climbing trees, freque?

water, and some perhaps becoming less carnivorous,

more diversified in habits*^ and stricture the descend

of our carnivorous animal became, the more places

would be enabled to occupy. What applies to one an
will apply throughout all time to all animals—that ii

they vary—for otherwise natural selection can do not)

So it will be with plants. It has been experimentally prc

that if a plot of ground be sown with one species of.g

and a similar plot be sown with se'^eral distinct genei

grasses, a greater number of plants and a greater w<

of dry herbage can thus be raised. The same has

found to hold good when first one variety akvd then se

mixed varieties of wheat have been sown on equal sj

of ground. Hence, if any one species of grass were t

on varying, and those varieties were continually seh

which differed from each other in at all the same ma
as distinct species and genera of grasses differ from
other, a greater number of individual plants of this sp

of grass, including its modified descendants, w’ould sue

in living on the same piece of ground. And we well 1

that each species and each variety of grass is ann
sowing^almost countless seeds ; and thus, as

,
it may be .

is striving its utmost to increase its numbers. Conseque
I cannot doubt that in the course of inarfy thousanc
generations, the most distinct varieties of any one sp
of grass would always have the best chance of succet

and of increasing in numbers, and thus of supplanting

less distinct varieties
; and varieties, when rendered

distinct from each other, take the rank of species.

The truth of the principle, that the greatest amoui
life can be supported by great diversification of struc

is seer, under many natural circumstances. In an extre
small area, especially if freely open to immigration,

I where the contest between individual and individual
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)e severe, we always find great diversity in its inhabitants,

^'or instance, I found that a piece of turf, three feet by four

n size, wl^ich had been exposed for many years to exactly

he same conditions, supported twenty species of plants,

nd these belonged to eighteen genera and to eight orders,

/hich shows how much these ptents differed from each

ther.
i
So it is with the plants and insects on small and

niform islets
;
and so in small ponds of fresh water. Farmers

nd that they can raise nfbst food by a rotation of plants

elonging to the most different orders: nature follows what
lay be called a simtii^ineous ro?atidn. Most of the animals

id plants which live close round any small piece of ground,
juld live on it (su'Jiposing it not to be in any way peculiar

1 its nature), and may Ijc said to be striving to the utmost
• live there; but, it is seen, that where they come into the

osest competition with each other, the advantages of

versification of structure, with the accompanying differences

habit and constitution, determine that the inhabitants, which
as jostle each other most closely, shall, as a general

le, belong to what we call different genera and orders.

The same principle is seen in the naturalisation of plants ^

rough man’s agency in foreign lands. It might have been
{lected that the plants which have succeeded in becoming
.turalised m any land would generally have^ been closely

icd to the indigenes
;
for these are commonly looked at

specially created and adapted for their own country. It

ght, also, perhaps have been expected that naturalised

ints would have belonged to a few groups more especially

ipted to certain stations in their new homes. But the

;e is very different; and Alpli. De Candolle l;as well

narked in has great and admirable w'ork, that florals gain

• naturalisation, proportionally with the number of the

ive genera *and species, far more in new genera than

new species. To give a single instance : in the last edition

Dr. Asa Gray’s ‘ Manual of the Flora of the Northern
iied States,’ 260 naturalised plants are enumerated, and
m belong to 162 genera. We thus see that these

jralised plants are of a highly diversified nature. They
-T, moreover, to a large extent from the indigenes, for

of the 162 genera, no less than 100 genera are not
e indigenous, and thus a large proportional addition is

e to the genera of these States.

y considering the nature of the plants or animals which ^

7
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have struggled successfully with the indigenes of any country,

and have there become naturalised, we can gain some crude
idea in what manner some of the natives woul^ have had
to be modified, in order to have gained an advantage over

the other natives; and we may, I think, at least safely infer

that diversification of structure, amounting to new generic

differences, would have been profitable to them. •

The advantage of diversification in the inhabitants of the

same region is, in fact, the same ‘iis that of the physiological

division of labour in the organs of the same individual body —
a suljject so well elucidiUeo' by Miln-c^ Edwards. No [)hysi-

ologist doubts that a stoma(‘h by being adapted to digest

vegetable matter alone, or flesh alone, dVaws most nutriment

from these substances. So in the general economy of any
land, the more widely and ])erfectly the animals and i)lants

are <liversified for different habits of life, so will a greater

number of individuals be capable of there supporting them-
selves. A set of animals, with their organisation but little

diversified, could hardly compete with a set more perfectly

diversified in structure. It may be doubted, for instance,

whether the Australian marsupials, which art^' divided into

groups differing but little from each other, and feebly

representing, as Mr. Waterhouse and others have remarked,

our carnivorous, ruminant, and rodent mammals, could

successfully compete with the.se well-pronounced orders. In

the Australian mammals, we see the process of diversification

in an early and incomplete stage of development.

After tlie foregoing discussion, which ought to have been
much amp]ifi(*d, we may, I think, assume that the modified

descendants of any one species will succeed by so much the

better as they become more diversified in structure, and are

thus enabled to encroach on places occupied by other beings.

Now let us see how this principle of great’ benefit being

derived from divergence of character, combined with the jirin-

ciples of natural selection and of extinction, w ill tend to act.

The accompanying diagram will aid us in understanding this

rather perplexing sul)ject. Let A to L repicsent the species

of a genus large in its own country
;
these species are supposed

to re emble each other in unequal degrees, as is so generally

the ccti>e in nature, and as is represented in the diagram by the

letter^ standing at unequal distanc^?s. I have said a large

genus, because we have vSeen in the second chapter, that on
('an average more of the species of large genera vary than ot
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small genera
;
and the varying species of the large genera

present a greater number of varieties. We have, also, seen

that the ^^ecies, which are the commonest and the most
widely-diffused, vary more than rare species with restricted

ranges. Let (A) be a common, widely-diffused, and varying

species, belonging to a genus large in its own country. The little

fan of diverging dotted lines of unequal lengths proceeding

from (A), may represent its varying offspring. The variations

are supposed to be extremely slight, but of the most diversified

nature; they are not -supposed all to appear simultaneously,

hut often after long intervals of tiihe ; nor are they all supposed
to endure for equal rieriods. Only those variations which are

in some way profitable will be preserved or naturally selected.

And here the importance of the principle of benefit being

derived from divergence of character comes in; for this will

generally lead to the most different or divergent variation^

(represented by the outer dotted lines) being preserved and
accumulated by natural selection. When a dotted line

rea('hes one of the horizontal lines, and is there marked by
a small numbered letter, a sufficient amount of variation is

supposed to ‘nave been accumulated to have formed a fairly

well-marked variety, such as would he thought worthy of record

in a systematic work.

'File intervals between the horizontal lines in the diagram,

may represent each a thousand generations; but it would
have been better if each had represented ten thousand
generations. After a thousand generations, species (A) is

sU[)posed to have produced two fairly well-marked varieties,

namely and ///h These two varieties will generally continue

to he ex[)osed to the same conditions which niggle their

parents variahl??, and the tendency to variability is jn itself

iMTcditary, consequently they will tend to vary, and generally

to vary in nearly the same manner as their parents varied.

Moreover, these two varieties, being only slightly modified
forms, will tend to inherit those advantages which made their

common parent (A) more numerous than most of the other

inhabitants of the same country
;

they will likewise partake

of those more genera] advantages which made the genus to

which the parent-species belonged, a large genus in its own
country. And these circumstances we know to be favourable

to the production of nev% varieties.

If, then, these two varieties be variable, the most divergent
of thoT variations will generally be preserved during the next*
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thousand generations. And after this interval, variety is

supposed in the diagram to have produced variety which
will, owing to the principle of divergence, differ » more from

(A) than did variety a^. Variety is supposed to have

produced two varieties, namely and differing from each

other, and more considerably from their common parent (A).

We may continue th^ process by similar steps for any length

of time
;
some of the varieties, after each thousa4id generations,

producing only a single variety; but in a more and more
modified condition, sonie producing two or three varieties,

and some failing to produce any. Thus the varieties or

modified descendants, proceeding from the common parent

(A), will generally go on increasing in number and diverging

in character. In the diagram the process is rt‘presented up
to the ten-thousandth generation, and under a condensed and
simplified form up to the fourteenth-thousandth generation.

But 1 must here remark that I do not suppose that the

process ever goes on so regularly as is represented in the

diagram, though in itself made somewhat irregular. 1 am fai

from thinking that the most divergent varieties will invariably

prevail and multiply : a medium form may often long endure,

and may or may not produce more than one iriodifiec

descendant
;
for natural selection will always act according

to the nature of the places which are either unoccupied or not

perfectly occupied by other beings
;
and this will depend

on infinitely complex relations. But as a general rule, the

more diversified in structure the descendants from any one
species can be rendered, the more places they will be enabled
to seize on, and the more their modified progeny will he

increased. In our diagram the line of succession is broken
at regular intervals by small numbered letter o marking the

succes.sive forms which have become sufficiently distinct to *be

recorded as varieties. ]]ut these breaks are imaginary, and
might have been inserted anywhere, after intervals lung enough
to have allowed the accumulation of a considerable amount of

divergent variation.

As all the modified descendants from a common and widely-

diffrised species, belonging to a large genus, will tend to

]>artake of the same advantages which made their parent
successful in life, they will generally go on multiplying in

number as wx‘ll as diverging in chara(iter : this is repre.sented

in ihe diagram by the several divergent branches proceeding
tTom (A). The modified offsyiring from the later and more
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highly improved branches in the lines of descent, will, it is

probable, often take the place of, and so destroy, the earlier

and less improved branches : this is represented in the diagram
by some of the lower branches not reaching to the upper
horizontal lines. In some cases I do not doubt that the

process of modification will be confined to a single line of

descent, and the number of the descendants will not be
increased

;
although the amount of divergent modification

may have been increased ifi the successive generations. This
case would be represented in thj diagram, if all the lines

proceeding from (A) Were rem<^ea, excepting that from to

In the same way, for instance, the English race-horse

and English pointer have apparently both gone on slowly

diverging in character from their original stocks, without

c'ither having given off any fresh branches or races.

After ten thousand generations, species (A) is supposed to

have produced three forms, and which, from
having diverged in character during the successive generations,

will have come to differ largely, but perhaps unequally, from
each other and from their common parent. If we suppose
the amount *'of change between each horizontal line in our
diagram to be excessively small, these three forms may still

be only well-marked varieties ; or they may have arrived a;

the doubtful category of sub-species ; but we have only to

suppose the steps in the process of modification to be more
numerous or greater in amount, to convert these three forms
into well-defined species : thus the diagram illustrates the

steps by which the small differences distinguishing varieties

are increased into the larger differences distinguishing species.

By continuing the same process for a greater member of

generations (a% shown in the diagram in a condensed and
s'ifnplified mayner), we get eight species, marked by the letters

between and all descended from (A). Thus, as I

(relieve, species are multiplied and genera are formed.

In a large genus it is probable that more than one species

would vary. In the diagram I have assumed that a second

species (I) has produced, by analogous steps, after ten

thousand generations, either two well-marked varieties (2£r^®

and or two species, according to the amount of change
supposed to be represented between the horizontal lines.

After fourteen thousand generations, six new species, marked
by the letters to are supposed to have been produced.

In each genus, the species, which are already extremehji
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different in character, will generally tend to produce the

greatest number of modified descendants ; for these will have

the best chance of filling new and widely differentt places in

the polity of nature : hence in the diagram I have chosen the

extreme species (A), and the nearly extreme species (1), as

those which have largely^ varied, and have given rise to new
varieties and species.. The other nine species (marked by
capital letters) of our original genus, may fort a long period

continue transmitting unaltered descendants ; and this is

shown in the diagram by the dotted lines not prolonged far

upwards from want of space. •

But during the process of modification, represented in the

diagram, another of our principles, namely that of extinction,

will have played an important part As in each fully stocked

country natural selection necessarily acts by the selected form
having some advantage in the struggle for life over other

forms, there ^^ill be a constant tendency in the improved
descendants of any one species to supplant and exterminate

in each stage of descent their predecessors and their original

parent For it should be remembered that the competition

will generally be most severe between those forifis which are

most nearly relaied to each other in habits, constitution, and
structure. Hence all the intermediate forms between the

earlier and iatei states, that is between the less and more
improved state of a species, as well as the original parent-

species itself, will generally tend to become extinct. So it

l>robably will L'e with many whole collateral lines of descent,

which will be conquered by later and improved lines of

descent. If, however, the modified offspring of a species get

into soiT^e distinct country, or become quickly adapted to

some qvite new station, in which child and ^j^arent do not

come into competition, both may continue to exist. i

.

If then our diagram be assumed to represent a considerable
amount of modification, species (A) and all the earlier varieties

will have become extinct, having been replaced by eight new
species to

;
and (I) will have been replaced by six

{
71
^^ to new species.

But we may go further than this. The original species

of oui genus were supposed to resumble each other in unequal
degrees, as is so generally the case in nature; species (A)
being more nearly related to B, C| and D, than to the
other species

; and species (I) more to G, H, K, L, than
(O the otlicis. These two species (A) and (I), were also
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supposed to be very common and widely diffused species,

so that they must originally have had some advantage over

most of |he other species of the genus. Their modified

descendants, fourteen in number at the fourteen-thousandth

generation, will probably have inherited some of the same
advantages : they have also been* modified and improved
in a diversified manner at each stage 1 of descent, so as to

have become adapted to many related places in the natural

economy of their country? It seems, therefore, to me ex-

tremely probable that they will Imve taken the places of,

and thus exterminated, not only their parents (A) and (I),

but likewise some of the original species which were most
nearly related to *their parents. Hence very few of the

original species will have transmitted offspring to the fourteen-

thousandth generation. We may suppose that only one (F),

of the two species which were least closely related to the

other nine original species, has transmitted descendants to

this this stage of descent.

The new species in our diagram descended from the original

eleven species, will now be fifteen in number. Owing to

the divcrgefit tendency of natural selection, the extreme
amount of difference in character between species and
will be much greater than that between the most different

of the original eleven species. The new species, moreover,

will be allied to each other in a widely different manner. Of
the eight descendants from (A) the three marked
will be nearly related from having recently branched off

from and from having diverged at an earlier

j^eriod from will be in some degree distinct from the three

first-named species
;
and lastly, and will nearly

related one to the other, but from having diverged at the

fiist commencement of the process of modification, will be
widely different from the other five species, and may con-

stitute a sub-genus or even a distinct genus.

The six descendants from (I) will form two sub-genera or

even genera. But as the original species (1) differed largely

from (A), standing nearly at the extreme points of the original

genus, the six descendants from (1) will, owing to inheritance,

differ considerably from the eight descendants from (A) ; the

two groups, moreover, are supposed to have gone on diverging
in different directions.

|
The intermediate species, also (and

this is a very important consideration), which connected the

original species (A) and
(
1 ), have all become, excepting ^F)i
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extinct, and have left no descendants. Hence the six new
species descended from (I), and the eight descended from
(A), will have to be ranked as very distinct genera, or even
as distinct sub-families.

Thus it is, as I believe, that two or more genera are

produced by descent, wi/h modification, from two or more
species of the same, genus. And the two or more parent-

species are supposed to have descended from s(pme one species

of an earlier genus. In our dU.gram, this is indicated by
the broken lines, beneath the capital letters, converging in

sub-branches downwards' to\'»ards a single point; this point

representing a single species, the supposed single parent of

our several new sub-genera and genera.

It is worth while to reflect for a moment on the character

of the new species which is supposed not to have diverged

much in character, but to have retained the form of (F),

either unaltered or altered only in a slight degree. In this

case, its affinities to the other fourteen new species will be
of a curious and circuitous nature. Having descended from
a form which stood between the two parent-species (A) and
(I), now supposed to be extinct and unknown, it will be
in some degiee intermediate in character between the two
groups descending from these species. But as these two
groups have gone on diverging in character from the type

of their parents, the new species will not be directly

intermediate between them, but rather between types of the

two groups
;
and every naturalist will be able to bring some

such case before his mind.
In the diagram, each horizontal line has hitherto been

opposed to retiresent a thousand generations, but each may
lepreseijt a million or hundred million genenutions, and like-

wise a section of the successive strata of the earth's crujst

including extinct remains. We shall, when we come to our

chapter on Geoif>gy, have to refer again to this subject, and
I think we shall then see that the diagram throws light on
the affinities of extinct beings, which, though generally be-

longing to the same orders, or families, or genera, with those

now living, vet are often, in some degree, intermediate in

charjcter between existing groups
;
and w'e can understand

this fact, for the extinct species lived at very ancient epochs
when the branching lines of descent

|

had diverged less.

I see no reason to limit the process of modification, as

fiiow explained, to the formation of genera alone. If, in our
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diagram, we suppose the amount of change repiesented by

each successive group of diverging dotted lines to be very

great, the^orms marked to those marked and
and those marked 0^^ to will form three very distinct

genera. We shall also have two very distinct genera descended

from (I)
;
and as these latter two g<?nera, both from continued

divergence of character and from inheritance from a different

parent, will differ widely from the three genera descended
from (A), the two little groups of genera will form two distinct

families, or even orders, according to the amount of divergent

modification sup{)Osed to be repf^sented in the diagram. And
the two new families, or orders, will have descended from

two species of the* original genus; and these two species are

supposed to have descended from one species of a still more
ancient and unknown genus.

We have seen that in each country it is the species of

the larger genera which oftenest present varieties or incipient

species. I'his, indeed, might have been expected
;

for as

natural selection acts through one form having some advantage

over other forms in the struggle for existence, it will chiefly

act on those which already have some advantage
;
and the

largeness of any group shows that its species have inherited

from a common ancestor some advantage in common.
Hence, the struggle for the production of new and modified

descendants, will mainly lie between the larger groups, which
are all trying to increase in number. One large group will

slowly conquer another large group, reduce its numbers,
and thus lessen its chance of further variation and improve-

ment. W ithin the same large group, the latter and more
highly perfected sub-groups, from branching out and seizing

on many new# places in the polity of Nature, will cgnstantly

t^d to supplant and destroy the earlier and less improved
sub-groups. •Small and broken groups and sub-groups will

finally tend to disappear. Looking to the future, w'e can
predict that the groups of organic beings which are now
large and triumijhant, and which are least broken up, that

IS, which as yet have suffered least extinction, will for a long
period continue to increase. But which groups will ultimately

prevail, no man can predict; for we well know that many
groups, formerly most extensively developed, have now
become extinct. Looking still more remotely to the future,

we may predict that, ^owing to the continued and steady
increase of the larger groups, a multitude of smaller groupjj
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will H.co2iif uttci )y extinct, and leave no modi tied descendants

;

and consequently that of the species living at any one period,

extremely few will transmit descendants to a remotie futurity.

I shall have to return to this subject in the chapter on
Classification, but I may add that on this view of extremely

few of the more ancient rpecies having transmitted descend-

ants, and on the view of all the descendants of the same
species making a class, we can understand >how it is that

there exist but very few^ classes •"in each main division of

the animal and vegetable kingdoms. Although extremely

few of the most ancient sptides may now have living and
modified descendants, yet at the most remote geological

period, the earth may have been as well' peopled with many
species of many genera, families, orders, and classes, as at

the present day.

Sumtnary of Chapter,—If during the long course of ages

and under varying conditions of life, organic lieings vary at

all in the several parts of their organisation, and I tliink this

cannot be disputed
;

if there be, owing to the high geometrical

powers of increase of each species, at some agi^', season, or

year, a sevc^re struggle for life, and this certainly cannot be
disputed

;
then, considering the infinite complexity of the

relations of all organic beings to each other and to their

conditions of 'existence, causing an infinite diversity in

structure, constitution, and habits, to be advantageous to

them, I think it would be a most extraordinary fact if no
variation ever had occurred useful to each being’s own welfare,

in the same way as so m:my variations have occurred useful

to man.^ But if variations useful to any organic being do
occur, assuredly individuals thus characterised^ will have the

best chance of being preserved in the struggle for life
;
and

irom the strong piinciplc of inheritance they* wfill tend to

produce offspring similarly characterised. 'Fhis principle of
preservation, I have called, for the sake of brevity, Natural
Selection. Natural selection, on the principle of qualities

1 icing inherited at corresponding ages, can modify the egg,

seed, or >(/ang, as easily as the adult. Amongst many
animals, sexual selection will give its aid to ordinary selection,

by assuring to the most vigorous and best adapted males the
greatest number of offspring. Sexual| selection will also give

characters useful to the males alone, 'in their struggles with
•ither males.
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Whether natural selection has really thus acted in nature,

in modifying and adapting the various forms of life to their

several conditions and stations, must be judged of by the

general tenour and balance of evidence given in the following

chapters. But we already see how it entails extinction ; ana
how largely extinction has acted in the world’s history, geology

plainly declares. Natural selection, alsQ, leads to divergence

of character
;
for more living beings can be supported on the

same area the more they diverge in structure, habits, and
constitution, of which we see pro^ by looking at the in-

habitants of any small spot of at naturalised productions.

Therefore during the modification of the descendants of any

one species, and dtiring the incessant struggle of all species

to increase in numbers, the more diversified these descendants

;jecome, the better will be their chance of succeeding in

the battle of life. Thus the small differences distinguishing

varieties of the same species, will steadily tend to increase

till they come to equal the greater differences between species

of the same genus, or even of distinct genera.

We have seen that it is the common, the widely-diffused,

and widely-rtinging species, belonging to the larger genera,

which vary most: and these will tend to transmit to their

modified offspring that superiority which now makes them
dominant in their own countries. Natural selection, as has

just been remarked, leads to diveT’gence of character and
to much extinction of the less improved and intermediate

forms of life. On these principles, I believe, the nature of

the affinities of all organic beings may be explained. It is

a truly wonderful fact—the wonder of which we are apt to

overlook from familiarity—that all animals and al} plants

throughout all* tunc and space should be related to each
other in groug subordinate to group, in the manner which
we everywhere behold—namely, varieties of the same species

most closely related together, species of the same genus
less closely and unequally related together, forming sections

and sub-genera, species of distinct genera much less closely

related, and genera related in different degrees, forming
sub-families, families, orders, sub-classes, and classes. The
‘several subordinate groups in any class cannot be ranked
jn a single file, but seem rather to be clustered round points,

and these round other points, and so on in almost endless

cycles. On the view that each species has been independently
created, I can see no explanation of this great fact in the "
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classification of all organic beings; but, to the best of iny

judgment, it is explained through inheritance and the complex
action of natural selection, entailing extinction andtdivergence

of character, as we have seen illustrated in the diagram.

The affinities of all the beings of the same class have
sometimes been represented by a great tree. I believe this

simile largely speaks the truth. The green and budding
twigs may represent existing species

;
and thoSe produced

during each former year may represent the long succession

of extinct species. At eaph period of growth all the growing
twigs have tried to branch out on all sides, and to overtop

and kill the surrounding twdgs and branches, in the same
manner as species and groups of species have tried to

overmaster other species in the great battle for life. The
limbs divided into great branches, and these into lesser

and lesser branches, were themselves once, when the tree

was small, budding twigs
;
and this connexion of the former

and present buds by ramifying branches may well represent

the classification of all extinct and living species in groups

subordinate to groups. Of the many twigs which flourished

when the tree was a mere bush, only two or three, now grown
into great branches, yet survive and bear all the other

branches
;

so with the species which lived during long-past

geological periods, very few now have living and modified

descendants. From the first growth of the tree, many a

limb and branch has decayed and dropped off; and these

lost branches of various sizes may represent those whole
orders, families, and genera which have now no living repre-

sentatives, and which are known to us only from having been
found in a fossil state. As we here and there see a thin

straggling branch springing from a fork low down in a tree,

and which by some chance has been favoured and is still

alive on its summit, so we occasionally see an animal like

the Ornithorhynchus or Lepidosiren, which in some small

degree connects by its affinities two large branches of life,

and w'hich has apparently been saved from fatal competition

by having inhabited a protected station. As buds give rise

by growth to fiesh buds, and these, if vigorous, branch out

and o\‘ertop on all sides many a feebler branch, so by
generatiori I believe it has been with the great Tree of Life,

which fills with its dead and broken branches the crust of the

earth, and covers the surface with Its ever branching and
^^be?utiful ramifications.
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Laws of VwrlItion.

KfTects of external conditions—Use and disuse, combined with natural

selection ; organs of flight and of vision—Acclimatisation—Correlation
of growth—Compensation and economy of growth— halse correlations

—Multiple, rudimentary, and lowly organised structures variable

Parts developed in an unusual manner are highly variable : specific

characters more variable than generic : secondary sexual characters

variable—Species of the same genus vary in an analogous manner
—Reversions to long lost characters—Summary.

1 HAVE hitherto sometimes spoken as if the variations—so

common anrf multiform in organic beings under domestication,

and in a lesser degree in those in a state of nature—had
been duo to chance. This, of course, is a wholly incorrect

expression, but it serves to acknowledge plainly^ our ignorance

of the cause of each particular variation. Some authors

believe it to be as much the function of the rejiroductive

system to produce individual differences, or very slight

deviations of structure, as to make the child like its parents.

Hut the much greater variability, as well as the greater

frequency of monstrosities, under domestication or cultivation,

than under nature, leads me to believe that deviations of

structure arc in some way due to the nature of the conditions

of life, to which the parents and their more remote ancestors

have been exposed during several generations. I have
remarked in the first chapter—but a long catalogue of facts

which cannot be here given would be necessary to show
the truth of the remark—that the reproductive system is

eminently susceptible to changes in the conditions of life

;

and to this system being functionally disturbed in the parents,

I chiefly attribute the varying or plastic condition of the

offspiing. The male apd female sexual elements seem to

be affected before that’j union takes place which is to form
a new being. In the case of “sporting"’ plants, the bud,
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which in its earliest condition does not apparently differ

essentially from an ovule, is alone affected. But why, because

the reproductive system is disturbed, this or that jiart should

vary more or less, we are profoundly ignorant. Nevertheless,

we can here and there dimly catch a faint ray of light, and
we may feel sure that there must be some cause for each

deviation of structure, however slight.

How much direct effect difference of clima«:e, food, &c.,

produces on any being is extremely doubtful. My impression

is, that the effect is extremely small in the case of animals,

])ut perhaps rather more in that of plants. We may, at

least, safely conclude that such influences cannot have
produced the many striking and complex co-adaptions of

structure between one organic being and another, which we
see everywhere throughout nature. Some little influence may
i)e attributed to chmatc, food, &c. : thus, E. Forbes speaks

contidently that shells at their southern limit, and when
living in shallow water, are more brightly coloured than

those of the same species further north or from greater depths.

<lould believes that birds of the same species are more
brightly coloured under a clear atmosphere, than w-^hen living

on islands or near the coast. So whth insects, Wollaston

’s convinced that residence near the sea affects their colours.

Moquin-Tandqn gives a list of plants which when growing
near the sea shore have their leaves in some degree fleshy,

though not elsewhere fleshy. Several other such cases could

he given.

The fact of varieties of one species, when they range into

the zone of habitation of other species, often acquiring in a very

slight d/=^gree some of the characters of such species, accords

with ou.r view that sj^ecies of all kinds are oniy well-marked
and permanent varieties. Thus the species of shells whiuh
are confined to tropical and shallow seas are generally brighter-

< oloured than those confined to cold and deeper seas. The
!)irds which are confined to continents are, according to Mr.
<rould, brighter-coloured than those of islands. The insect-

species confined to sea-coasts, as every collector knows, are

often brassy or lurid. Plants which live exclusively on the

sea-sidu are very apt to have fleshy leaves. He who believes

in the creation of each species, will have to say that this

shell, for instance, was created with bright colours for a
ivarm sea

;
but that this other shell ^became bright-coloured

<1 hy variation when it ranged into warro.er or shallower waters.
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When a variation is of the slightest use to a being, we
cannot tell how much of it to attribute to the accumulaiive

action of :!atural selection, and how much to the conditions

of life. Thus, it is well known to furriers that animals of

the same species have thicker and better fur the more
severe the climate is under which they have lived

;
but

who can tell how much of this differfpnce may be due to

the warrnest-clad individuals having been favoured and pre-

served during many geneftitions, and how much to the

direct action of the severe climate ?^, for it would appear that

climate has some direct action Sn the hair of our domestic
quadrupeds.

Instances could be given of the same variety being pro-

duced under conditions of life as different as can well be
conceived; and, on the other hand, of different varieties

being produced from the same species under the same
conditions. Such facts show how indirectly the conditions

of life must act. Again, innumerable instances are known
to every naturalist of species keeping true, or not varying

at all, although living under the most opposite climates.

Such considerations as these incline me to lay very little

weight on the direct action of the conditions of life. In-

directly, as already remarked, they seem to play an important

part in affecting the reproductive system, and ii^ thus inducing
variability; and natural selection will then accumulate all

profitable variations, however slight, until they become plainly

developed and appreciable by us.

Effects of Use and Disuse,—From the facts alluded to in

the first chapter, I think there can be little doubt that use

in our domesMc animals strengthens and enlarges •certain

p?rts, and disuse diminishes them
;
and that such modifications

are inherited. ' Under free nature, we can have no standard
of comparison, by which to judge of the effects of long-

continued use or disuse, for we know not the parent-forms

;

l)ui many animals have structures which can be explained

by the effects of disuse. As Professor Owen has remarked,
there is no greater anomaly in nature than a l)ird that cannot
tly

;
yet there are .several in this state. The logger-headed

duck of South America can only tla[) along the surface of
the water, and has its wings in nearly the same condition
as the domestic A>les|)ury duck. As the larger ground-
teeding birds seldom ^ike flight except to escape danger, i
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I believe that the nearly wingless condition of several b
which now inhabit or have lately inhabited several oce ,

islands, tenanted by no beast of prey, has been.causec

disuse. The ostrich indeed inhabits continents and is exp-

to danger from which it cannot escape by flight, but

kicking it can defend its^elf from enemies, as well as an
the smaller quadrupeds. We may imagine that the €

progenitor of the ostrich had habits like those of a bust

and that as natural selection increased in successive generat

the size and weight of^ its body, its legs were used m
and its wings less, until thdy became incapable of flight

Kirby has remarked (and I have observed the same
that the anterior tarsi, or feet, of many male dung-fee-

beetles are very often broken off; he examined seven

specimens in his own collection, and not one had eve
relic left. In the Onites apelles the tarsi are so habiti

lost, that the insect has been described as not having i\

In some other genera they are present, but in a rudimen
condition. In the Ateuchus or sacred beetle of the Egypti

they are totally deficient. There is not sufficient evidt

to induce us to believe that mutilations are ever inherit

and I should piefer explaining the entire absence of

anterior tansi in Ateuchus, and their rudimentary conditioi

some other genera, by the long-continued effects of dh
in their progenitors

;
for as the tarsi are almost always

in many dung-feeding beetles, they must be lost early

life, and tlierefore cannot be much used by these insectf

In some cases we might easily put down to disuse m
lications of .structure which are wholly, or mainly, due
natural selection. Mr. Wollaston has discovered the

markable fact that 200 beetles, out of the 550 species inhabi*

Madeira, are so far deficient in wings that they cannot
and that of the twenty-nine endemic genera, no less ti

twenty-three genera have all their species in this conditii

Several facts, namely, that beetles in many parts of the wc
are very frecjuently blown to sea and perish

;
that the bee

in Madeira, as observed by Mr. Wollaston, lie much conceal
until the wind lulls and the sun shines ; that the proport
of win^^lcss beetles is larger on the exposed Dezertas tl

in Madeira itself
; and especially the extraordinary fact,

strongly insisted on by Mr. Wollast(jn, of the almost ent

absence of certain large groups of [beetles, elsewhere •

^
rcssivcly numerous, and which groijis have habits of 1
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aiost necessitating frequent flight ;—these several considera-

)ns have made me believe that the wingless condition of

. many Madeira beetles is mainly due to the action of

itural selection, but combined probably with disuse. For

jring thousands of successive generations each individual

eetle which flew least, either from its wings having been

ver so little less perfectly developed or from indolent habit,

ill have had the best chance of surviving from not being

*lown out to sea
;

and, og the other hand, those beetles

diich most readily took to flight will oftenest have been

)lown to sea and thus have beqp destroyed.

The insects in Madeira which are not ground-feeders, and
vhich, as the flo^^er-fceding coleoptera and lepidoptera,

nust habitually use their wings to gain their subsistence,

lave, as Mr. Wollaston suspects, their wings not at all

;educed, but even enlarged. This is quite compatible with

fne action of natural selection. For when a new insect first

irrived on the island, the tendency of natural selection to

enlarge or to reduce the wings, would depend on whether a

treater number of individuals were saved by successfully

battling wdth ^the winds, or by giving up the attempt and
f'arcly or never flying. As with mariners shipwrecked near a

:oast, it would have been better for the good swimmers if

ihey had been able to swim still further, whereas it would
lave been better for the bad swimmers if they»had not been
ible to swim at all and had stuck to the wreck.

The eyes of moles and of some burrowing rodents are

udimentary in size, and in some cases are quite covered
ip by skin and fur. This state of the eyes is probably due
o gradual reduction from disuse, but aided perhaps by
iaturaJ selectiop. In South America, a burrowing •rodent,

he tuco-tuco, or Ctenomys, is even more subterranean in

-sTiabits than .the mole; and I was assured by a Spaniard,
'ho had often caught them, that they were frequently blind

;

ne which I kept alive was certainly in this condition, the
ause, as appeared on dissection, having been inflammation
f the nictitating membrane. As frequent inflammation of
le eyes must be injurious to any animal, and as eyes are
irtainly not indispensable to animals with subterranean habits,

reduction in their size with the adhesion of the eyelids
id growth of fur over them, might in such case be an
Ivantage

; and if so, natural selection would constantly aid
e effects of disuse.
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It is well known that several animals, belonging to the

most difierent classes, which inhabit the caves of Styria

and of Kentucky, are blind. In some of the crabs the

foot-stalk for the eye remains, though the eye is gone; the

stand for the telescoj)e is there, though the telescope with

its glasses has been lost. As it is difficult to imagine that

eyes, though useless, couTd be in any way injurious to animals
living in darkness, I attribute their loss wholly to disuse. In
one of the blind animals, namelv^ the cave-rat,^ the eyes are

of immense size; and Professor Silliman thought that it

regained, after living some <\^ys in the light, some slight power
of vision. In the same manner as in Madeira the wings of

some of the insects have been enlarged, and the wings of

others have been reduced by natural selection aided by use
and disuse, so in the case of the cave-rat natural selection seems
to have struggled with the loss of light and to have increased

the size of the eyes; whereas with all the other inhabitants

of the caves, disuse by itself seems to have done its work.

It is difficult to imagine conditions of life more similar

than deep limestone caverns under a nearly similar climate ;

so that on the common vie>v of the blind animajs having been
separately created for the American and European caverns,

close similarity ip their organisation and affinities might have
been expected

;
but, as Schiodte and others have remarked,

this is not the case, and the cave-insects of the tw^o continents

are not more closely allied than might have been anticipated

from the general resemblance of the other inhabitants of

North America and Europe. On my view we must suppose
that American animals, having ordinary powers of vision,

slowly migrated by successive generations from the outer

wwld into the deeper and deeper recesses of the Kentucky
caves, as did European animals into the caves of Europe.

We have some evidence of this gradation of habit; for, as

Schiodte remarks, “animals not far remote from ordinary

forms, prepare the transition from light to darkness. Next
follow those that are constructed for twilight ; and, last of

all, those destined for total darkness.” By the time that an
animal had reached, after numberless generations, the deepest

recesses, disuse will on this view have more or less perfectly

obliterated its eyes, and natural selection will often have
effected other changes, such as an increase in the length

of the antenn[e or palpi, as a compensation for blindness.

Notw'ithstanding such modifications,W might expect still to
1
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see in the cave-animals of America, affinities to the other

inhabitants of that continent, and in those of Europe, to the

inhabitants^f the European continent. And this is the case

with some of the American cave-animals, as I hear from
Professor Dana

;
and some of the European cave-insects are

very closely allied to those of the surrounding country. It

would be most difficult to give any rational explanation of the

affinities of the blind cave-animals to th® other inhabitants of

the two continents on the ordinary view of their independent
creation. That several of tne inhabitants of the caves of the

Old and New Worlds should Ijp closely related, we might

expect from the well-known relationship of most of their other

productions. Far fv^m feeling any surprise that some of the

cave-animals should be very anomalous, as Agassiz has

remarked in regard to the blind fish, the Amblyopsis, and as

is the case with the blind Proteus with reference to the

reptiles of Europe, I am only surprised that more wrecks of

ancient life have not been preserved, owing to the less severe

competition to which the inhabitants of these dark abodes
will probably have been exposed.

Acclimatisation.—Habit is hereditary with plants, as in the

period of flowering, in the amount of rain requisite for seeds

to germinate, in the time of sleep, &c., and this leads me
to say a few words on acclimatisation. As it is extremely

common for species of the same genus to inhabit very hot

and very cold countries, and as I believe that all the species

of the same genus have descended from a single parent,

if this view be correct, acclimatisation must be readily effected

during long-continued descent. It is notorious that each
species is adapted to the climate of its own home ;• species

from an arctic or even from a temperate region cannot ‘endure
a tropical clin«te, or conversely. So again, many succulent

plants cannot endure a damp climate. But the degree of

adaptation of species to the climates under which they live

•s often overrated. We may infer this from our frequent

inability to predict whether or not an imported plant will

endure our climate, and from the number of plants and
animals brought from warmer countries which here enjoy

good health. We have reason to believe that species in a
state of nature are limited in their ranges by the competition

of other organic beings quite as much as, or more than,

by adaptation to partici|ar climates. But whether or not the
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adaptation be generally very close, we have evidence, in the

case of some few plants, of their becoming, to a certain extent,

naturally habituated to different temperatures, or becoming
acclimatised : thus the pines and rhododendrons, raised from

seed collected by Dr. Hooker from trees growing at different

heights on the Himalaya, were found in this country to possess

different constitutional powers of resisting cold. Mr. Thwaites
informs me that he ^ has observed similar facts in Ceylon,

and analogous observations have been made by Mr. H. C.

Watson on European species oi plants brought from the

Azores to England. In regard to animals, several authentic

cases could be given of species within historical times havinj^

largely extended their range from warmer to cooler latitudes,

and conversely ; but we do not positively know that these

animals were strictly adapted to their native climate, but
in all ordinary cases we assume such to be the case

;
nor

do we know that they have subsequently become acclimatised

to their new homes.
As I believe that our domestic animals were originally

chosen by uncivilised man because they were useful and bred
readily under conlinement, and not because they were subse-

quently found capable of far-extended transportation, I think

the common and extraordinary capacity in our domestic

animals of not only withstanding the most different climates

but of being perfectly fertile (a far severer test) under them,

may be used as an argument that a large proi)ortion of other

animals, now in a state of nature, could easily be brought

to bear widely different climates. We must not, however,

push the foregoing argument too far, on account of the

probable origin of some of our domestic animals from several

wild stocks : the blood, for instance, of a tropical and arctic

wolf or wild dog may perhaps be mingled in our domestic
breeds. The rat and mouse cannot be considered as domestic
animals, but they have been transported by man to many
parts of the world, and now have a far wider range than any
other rodent, living free under the cold climate of Faroe in

the north and of the Falklands in the south, and on many
islands in the torrid zones. Hence I am inclined to look
at adaptation to any special climate as a quality readily grafted

on an innate wide Ilexibility of constitution, which is common
to most animals. On this view, the capacity of enddring
the most different climates by man himself and by his domestic
animals, and such facts as that former ^pecies of the elephant
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and rhinoceros were capable of enduring a glacial climate,

whereas the living species are now all tropical or sub-tropical

in their habits, ought not to be looked at as anomalies, but

merely as examples of a very common flexibility of constitution,

brought, under peculiar circumstances, into play.

liow much of the acclimatisation of species to any peculiar

climate is due to mere habit, and liow much to the natural

selection of varieties having different / innate constitutions,

and how much to both ragans combined, is a very obscure

question. That habit or custom has some influence I must
believe, both from analogy, an^ fr6m the incessant advice

given in agricultural works, even in the ancient Encyclopaedias

of China, to be verjj cautious in transposing animals from one
district to another ; for it is not likely that man should have

succeeded in selecting so many breeds and sub-breeds with

constitutions specially fitted for their own districts : the result

must, I think, be due to habit. On the other hand, I can

sec no reason to doubt that natural selection will continually

tend to preserve those individuals which are born with con-

stitutions best adapted to their native countries. In treatises

(>)n mafiy kinds of cultivated plants, certain varieties are said

to withstand certain climates better than others : this is very

strikingly shown in works on fruit trees published in the

United States, in which certain varieties are habitually recom-

mended for the northern, and others for the s<)uthern States
;

and as most of these varieties are of recent origin, they

cannot owe their constitutional differences to habit. The
case of the Jerusalem artichoke, which is never propagated
by seed, and of which consequently new varieties have not
been produced, has even been advanced—for it is now as

tender as ever, it was—as proving that acclimatisatioa cannot
be effected ! The case, also, of the kidney-bean has been
often cited f«r a similar purpose, and with much greater

weight
;

but until some one will sow, during a score of

generations, his kidney-beans so early that a very large

proportion are destroyed by frost, and then collect seed
from the few survivors, with care to prevent accidental crosses,

and then again get seed from these seedlings, with the same
precautions, the experiment cannot be said to have been even
tried. Nor let it be supposed that no differences in the

constitution of seedling kidney-beans ever appear, for an
account has been published how much more hardy some
seedlings appeared to Je than others.
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On the whole, I think w’e may conclude that habit, use,

and disuse, have, in some cases, played a considerable part

in the modification of the constitution, and of thr- structure

of various organs
;
but that the effects of use and disuse have

often been largely combined with, and sometimes over-

mastered by, the natural selection of innate differences.

Correlation of Gf^)2Vth ,—I mean by this expression that

the w’hole organisation is so tied^ together durin^g its growth
and development, that

,
when slight variations in any one

part occur, and are accumi^lated through natural selection,

other parts become modified. This is a very important

subject, most imperfectly understood. «-The most obvious

case is, that modifications accumulated solely for the good
of the young or larva, will, it may safely be concluded, affect

the structure of the adult; in the same manner as any
malcontormation affecting the early embryo, seriously affects

the whole organisation of the adult. The several parts of

the body which are homologous, and which, at an early

embryonic period, are alike, seem liable to vary in an allied

manner : we see this in the right and left sides of the body
varying in the same manner

;
in the front and hind legs, and

even in the jaws and limbs, varying together, for the lower

jaw is believed to be homologous wfith the limbs. These
tendencies, I do not doubt, may be mastered more or less

completely by natural selection : thus a family of stags once
existed whth an antler only on one side ; and if this had been
of any great use to the breed it might t)robably have been
rendered permanent by natural selection.

Homologous parts, as has been remarked by some authors,

tend to'cohere
;

this is often seen in monstrous plants ; and
nothing is more common than the union of homologous
parts in normal structures, as the union of the petals of the

corolla into a tube. Hard parts seem to affect the form of

adjoining soft parts
;

it is believed by some authors that the

diversity in the shape of the pelvis in birds causes the

remarkable diversity in the shape of their kidneys. Others
believe that the .shape of the pelvis in the human mother
influences by pressure the shape of the head of the child.

In snakes, according to Schlegel, the shape of the body and
the manner of swallowing determine the position of several

of the most important viscera.

The nature of the bond o( correction is very fre<iuently
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quite obscure. M. Is. Geoffroy St. Hilaire has forcibly re-

marked, that certain malconformations very frequently, and
that otherj rarely coexist, without our being able to assign

any reason. What can be more singular than the relation

between blue eyes and deafness in cats, and the tortoise-shell

colour with the female sex; the feathered feet and skin

between the outer toes in pigeofis, and the presence of
more or less down on the young birc^ when first hatched,

with the future colour of their plumage
; or, again, the relation

between the hair and teeth ?n the naked Turkish dog, though
here probably homology comes intc^ play ? With respect to

this latter case of correlation, I think it can hardly be
accidental, that if ye pick out the two orders of mammalia
which are most abnormal in their dermal covering, viz. Cetacea
(whales) and Edentata (armadilloes, scaly anleaters, &c.), that

these are likewise the most abnormal in their teeth.

I know of no case better adapted to show the importance
of the laws of correlation in modifying important structures,

independently of utility and, therefore, of natural selection,

than that of the difference between the outer and inner

flowers^ in some Compositous and Umbelliferous plants.

Every one knows the difference in the ray and central florets

of, for instance, the daisy, and this difference is often accom-
panied with the abortion of parts of the flower. But, in

some Compositous plants, the seeds also differ in shape and
sculpture

;
and even the ovary itself, with its arcessory parts,

differs, as has been described by Cassini. These differences

have been attributed by some authors to pressure, and the

shape of the seeds in the ray-florets in some Compositse
countenances this idea; but, in the case of the corolla of

the Umbelliferae, it is by no means, as Dr. Hookei; informs

me, in species with the densest heads that the inner and
oflttr flowers, most frequently differ. It might have been
thought that the development of the ray-petals by drawing
nourishment from certain other parts of the flower had caused
their abortion

;
but in some Compositie there is a difference

in the seeds of the outer and inner florets without any
difference in the corolla. Possibly, these several differences

may be connected with some difference in the flow of

nutriment towards the central and external flowers : we know,
at least, that in irregular flowers, those nearest to the axis

are oftenest subject to peloria, and become regular. I may
add, as an instance of tpis, and of a striking case of correlation.
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that I have recently observed in some garden pelargoniums,

that the central flower of the truss often loses the patches of

darker colour in the two upper petals; and that when this

occurs, the adherent nectary is quite aborted
;
when the

colour is absent from only one of the two upper petals, the

nectary is only much shortened.

With respect to the dilTerence in the corolla of the central

and extciior flowers ^f a head or umbel, I do not feel at

all sure that C. C. Sprengel’s idea that the ray-florets

serve to attract insects, whose agency is highly advantageous
in the fertilisation of plants of these two orders, is so far-

fetched, as it may at first appear : and if it be advantageous,

natural selection may have come into pjay. But in regard

to the differences both in the internal and external structure

of the seeds, winch are not always correlated wu'th any differ-

ences in the flowers, it seems impossible that they can be
in any w’ay advantageous to the plant

:
yet in the Urnbelliferae

these differences are of such apparent importance—the seeds

being in some cases, according to Tausch, orthospermous
in the exterior flowers and coclosperrnoiis in the central

flowers,—that the elder De Candolle founded his^ riiain

divisions of the order on analogous differences.' Hence we
see that modifications of structure, viewed by systematists

as of liigh value, may he w^holly due to unknown laws of

correlated grow;th, and without being, as far as we can see,

of the slightest service to the species.

We may (jften falsely attribute to correlation oi growth,

structures which are cuminon to whole groups of species,

and which in truth are simply due to inheritance
;
for an

ancient piogenitor may have acquired through natural selection

some oiie modjfication in structure, and, after thousands of

generations, some other and independent moclification
;
and

these two modifications, having been transmitted to a whcMe
group ^f descendants with diverse habits, would naturally be
tliought to be correlated in some necessary manner. So,

.'igain, I do not doubt that some apparent correlations,

occurring throughout whole orders, are entirely due to the

manner alone in which natural selection can act. For instance,

Alph. De Cand(flle has remarked that winged seeds are never

found in fruits which do not o^ien : I sliould explain the rule

by the fact that seeds could not gradually become winged
through natural selection, except in fruits which opened

;
so

that the individual plants producing ^‘eds which were a little
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better fitted to be wafted further, might get an advantage over

those producing seed less fitted for dispersal
;
and this process

could not possibly go on in fruit which did not open.

The elder Geoffroy and Goethe propounded, at about
the same period, their law of compensation or balancement
of growth

;
or, as Goethe expressed it, “ in order to spend

on one side, nature is forced to economise on the other side.”

I think this holds true to a certain expeent with our domestic
productions : if nourishment flows to one part or organ in

excess, it rarely flows, at *least in excess, to another part

;

thus it is difficult to get a cow to •give much milk and to

fatten readily. The same varieties of the cabbage do not

yield abundant an(J nutritious foliage and a copious supply
of oil-bearing seeds. AVhen the seeds in our fruits become
atrophied, the fruit itself gains largely in size and quality.

In our poultry, a large tuft of feathers on the head is generally

accompanied by a diminished comb, and a large beard by
diminished wattles. With species in a state of nature it

can hardly be maintained that the law is of universal applica-

tion
; but many good obscr\^ers, more, especially botanists,

believ^in its truth. I will not, however, here give any
instances, for*I see hardly any w'ay of distinguishing between
the effects, on the one hand, of a part being largely developed
through natural selection and another and adjoining part

being reduced by this same process or by disuse, and, on
the other hand, the actual withdrawal of nutriment from
one part owing to the excess of growth in another and
adjoining part.

i suspect, also, that some of the cases of compensation
which have been advanced, and likewise some other facts,

may be merged under a more general principle, namely, that

natural selection is continually trying to economise in every

paVb of the qfganisation. If under changed conditions of

life a structure before useful becomes less useful, any diminu-
tion, however slight, in its development, will be seized on
by natural selection, for it will profit the individual not to

have its nutriment wasted in building up an useless structure.

1 can thus only understand a fact with which I was much
struck when examining cirripedes, and of which many other

instances could be given; namely, that when a cirripede is

parasitic within another and is thus protected, it loses more
or less completely its own shell or carapace. This is the
case with the male Ibla, and in a truly extraordinary manner
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with the Proteolepas : for the carapace in all other cirripcdes

consists of the three highly-important anterior segments of

the head enormously developed and furnished ,with great

nerves and muscles; but in the parasitic and protected

Proteolepas, the whole anterior part of the head is reduced
to the merest rudiment attached to the bases of the prehensile

antennae. Now the savirfg of a large and complex structure,

when rendered superfluous by the parasitic habits of the

Proteolepas, though effected by slow steps, would be a decided
advantage to each successive individual of the species

;
for

in the struggle for life'*to jvhich every animal is exposed,

each individual Proteolepas would have a better chance of

supporting itself, by less nutriment being wasted in developing

a structure now become useless.

Thus, as I believe, natural selection will always succeed
in the long run in reducing and saving every part of the

organisation, as soon as it is rendered superfluous, without

by any means causing some other part to be largely developed
in a corresponding degree. And, conversely, that natural

selection may perfectly well succeed in largely developing

any organ, without requiring as a necessary pompe-nsation

the reduction of some adjoining part.

It seems to be a rule, as remarked by Is. Geoffroy St.

Hilaire, both in varieties and in species, that when any
part or organ ris repeated many times in the structure of

the same individual (as the vertebrae in snakes, and the

stamens in polyandrous flowers) the number is variable

;

whereas the number of the same part or organ, when it

occurs in lesser numbers, is constant. The same author

and some botanists have further remarked that multiple parts

are alsa^ very liable to variation in structure., Inasmuch as

this “vegetative repetition, to use Prof. Owen’s expression,

seems to be a sign of low organisation ; the foregoing remark
seems connected with the very general opinion of naturalists,

that beings low in the scale of nature are more variable than
those which are higher. I presume that lowness in this

case means that the several parts of the organisation have
been but little specialised for particular functions; and as

long as the same part has to j>erform diversified work, we
can perhaps see why it should remain variable, that is, why
natural selection should have preserved or rejected each
little deviation of form less carefully than when the part

bas to serve for one special purpose alone. In the same
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way that a knife which has to cut all sorts of things may
be of almost any shape ; whilst a tool for some particular

object ha(* better be of some particular shape. Natural

selection, it should never be forgotten, can act on each part

of each being, solely through and for its advantage.

Rudimentary parts, it has been stated by some authors,

and I believe with truth, are apt l6 be highly variable. We
shall have to recur to the general subject of rudimentary

and aborted organs ; and^ I will here only add that their

variability seems to be owing to their uselessness, and therefore

to natural selection having no power to check deviations in

their structure. Thus rudimentary parts are left to the free

play of the various laws of growth, to the effects of long-

continued disuse, and to the tendency to reversion.

A part developed in any species in an extraordinary degree

or manner^ in comparison with the same part in allied species^

tends to be highly variable.—Several years ago I was much
struck with a remark, nearly to the above effect, published

by Mr. Waterhouse. I infer also from an observation made
by •Prc'fessoi: Owen, with respect to the length of the arms
of the ourang-outang, that he has come to a nearly similar

conclusion. It is hopeless to attempt to convince any one
of the truth of this proposition without giving the long array

of facts which I have collected, and which cannot possibly

be here introduced. I can only state my conviction that it

is a rule of high generality. I am aware of several causes
of error, but 1 hope that I have made due allowance for

til era. It should be understood that the rule by no means
applies to any part, however unusually developed, unless it

be unusually ^developed in comparison with the same part

n\ closely allied species. Thus, the bat's wing is ’a most
abnormal structure in the class mammalia

;
but the rule would

not here apply, because there is a whole group of bats having
wings; it would apply only if some one species of bat had
its wings developed in some remarkable manner in comparison
with the other species of the same genus. 'I'lie rule applies

very strongly in the case of secondary sexual characters, when
displayed in any unusual manner. 'Fhe term, secondary
sexual characters, used by Hunter, applies to characters which
are attached to one sex, but are not directly connected with
the act of reproduction. The rule applies to males and
females

; but ns females more rarely offer remarkable secondary
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sexual characters, it applies more rarely to them. The rule

being so plainly applicable in the case of secondary sexual

characters, may be due to the great variabilit;^ of these

characters, whether or not displayed in any unusual manner

—

of which fact I think there can be little doubt. But that

our rule is not confined to secondary sexual characters is

clearly shown in the casfe of hermaphrodite cirripedes
;
and

I may here add, that I particularly attended tq Mr. Water-
house’s remark, whilst investigating this Order, and I am
fully convinced that the rule almost invariably holds good
with cirripedes. 1 shall, ip my future work, give a list of

the more remarkable cases
; I will here only briefly give one,

as it illustrates the rule in its largest^ application. The
opercular valves of sessile cirripedes (rock barnacles) are, in

every sense of tlie word, very important structures, and they

differ extremely little even in different genera
;
but in the

several species of one genus, Pyrgoma, these valves present

a marvellous amount of diversification : the homologous valves

in the different species being sometimes wholly unlike in

shape ;
and the amount of variation in the individuals of

several of the species is so great, that it is no exagsi^ration

• to state that the varieties differ more from each other in

the characters of these important valves than do other species

of distinct genera.

As birds vriihin the same country vary in a remarkably
small degree, I have particularly attended to them, and the

rule seems to me certainly to hold good in this class. I

cannot make out that it applies to plants, and this would
seriously have shaken my belief in its truth, had not the

great varialjility in plants made it jiarticularly difficult to

compart their relative degrees of variability.

Whefi we see any part or organ developed in a remarkable
degree or manner in any species, the fair presumption is

that it is of high importance to that species
;

nevertheless

the part in this case is eminently liable to variation. Why
should this be so ? On the view that each species has been
independently created, with all his parts as we now see

them, I can see no explanation. But on the view that

groups of species have descended from other species, and
have been modified through natural selection, I think we
can obtain some light. In our domestic animals, if any
part, or the whole animal, be neglected and no selection

be applied, that part (for instance, the comb in the Dorking



LAWS OF VARIATION. 125

fowl) or the whole breed will cease to have a nearly uniform
character. The breed will then be said to have degenerated.

In rudimejitary organs, and in those which have been but
little specialised for any particular purpose, and perhaps in

polymorphic groups, we see a nearly parallel natural case

;

for in such cases natural selection either has not or cannot
come into full play, and thus the ^organisation is left in a
fluctuating condition. But what here mojrc especially concerns

us is, that in our domestic animals those points, which at

the present time are undergoing rapid change by continued
selection, are also eminently liable ' to variation. Look at

the breeds of the pigeon
; see what a prodigious amount of

difference there is jn the beak of the different tumblers, in

the beak and wattle of the different carriers, in the carriage

and tail of our fantails, &c., these being the points now
mainly attended to by English fanciers. Even in the sub-

breeds, as in the short-faced tumbler, it is notoriously difficult

to breed them nearly to perfection, and frequently individuals

are born which depart widely from the standard. There
may be truly said to be a constant struggle going on between,

on the^Ctfic hand, the tendency to reversion to a less modified
state, as well as an innate tendency to further variability

of all kinds, and, on the other hand, the power of steady

selection to keep the breed true. In the long run selection

gains the day, and we do not expect to fail so^far as to breed
a bird as coarse as a common tumbler from a good short-

faced strain. But as long as selection is rai)idly going on,

there may always be expected to be much variability in the

structure undergoing modification. It further deserves notice

that these variable characters, produced by man’s selection,

sometimes become attached, from causes quite unknov^^ to us,

more to one sex than tp the other, generally to the nmle sex,

as* with the waitle of carriers and the enlarged crop of pouters.

Now let us turn to nature. When a part has been developed
in an extraordinary manner in any one species, compared with

the other species of the same genus, we may conclude that this

part has undergone an extraordinary amount of modification,

since the period when the species branched off from the

common progenitor of the genus. This period will seldom be
remote in any extreme degree, as species very rarely endure for

more than one geological period. An extraordinary amount
of modification implies an unusually large and long-continued
amount of variability, which has continually been accumulated
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by natural selection for the benefit of the species. But as

the variability of the extraordinarily-developed part or organ

has been so great and long-continued within a -
period not

excessively remote, we might, as a general rule, expect

still to find more variability in such parts than in other parts

of the organisation, which have remained for a much longer

period nearly constant. ‘ And this, I am convinced, is the

case. That the struggle between natural selection on the

one hand, and the tendency to r'sversion and variability on
the other hand, will in the course of time cease; and that

the most abnormally developed organs may be made constant,

I can see no reason to doubt. Hence when an organ,

however abnormal it may be, has been transmitted in approxi-

mately the same condition to many modified descendants,

as in the case of the wing of the bat, it must have existed,

according to my theory, for an immense period in nearly

the same state; and thus it comes to be no more variable

than any other structure. It is only in those cases in which

the modification has been comparatively recent and extra-

ordinarily great that we ought to find the generative variability^

as it may be called, still present in a high degree. -For in

this case the variability will seldom as yet have been fixed

by the continued selection of the individuals varying in

the required manner and degree, and by the continued

rejection of those tending to revert to a former and less

modified condition.

The principle included in these remarks may be extended.

It is notorious that specific characters are more variable

than generic. To explain by a simple example what is

meant. If some species in a large genus of plants had blue

flowers and some had red, the colour would be only a

specific character, and no one would be surprised at one
of the blue species varying into red, or conv ersely

; but if

all the species had blue flowers, the colour would become
a generic character, and its variation would be a more unusual

circumstance. I have chosen this example because an ex-

planation is not in this case applicable, which most naturalists

would advance, namely, that specific characters are more
variable than generic, because they are taken from parts ot

less physiological importance than those commonly used for

classing genera. I believe this explanation is partly, yet only

indirectly, true
;

I shall, however, have to return to this

subject in our chapter on Classification. It would be almost
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superfluous to adduce evidence in support of the above
statement, that specific characters are more variable than

generic ;
t^it I have repeatedly noticed in works on natural

history, that when an author has remarked with surprise

that some important organ or part, which is generally very

constant throughout large groups of species, has differed

considerably in closely-allied specieS, that it has, also, been

variable in the individuals of some cf. the species. And
this fact shows that a character, which is generally of generic

value, when it sinks in value and becomes only of specific

value, often becomes variable, Jjiough its physiological im-

portance may remain the same. Something of the same
kind applies to mojistrosities : at least Is. Geoffrey St. Hilaire

seems to entertain no doubt, that the more an organ normally

differs in the different species of the same group, the more
subject it is to individual anomalies.

On the ordinary view of each species having been in-

dependently created, why should that part of the structure,

which differs from the same part in other independently-

created species of the same genus, be more variable than

Ihosf 4':arts ^hich are closely alike in the several species ?

I do not see that any explanation can be given. But on
the view of species being only strongly marked and fixed

varieties, we might surely expect to find them still often

continuing to vary in those parts of their ?‘ructure which
have varied within a moderately recent period, and which
have- thus come to differ. Or to state the case in another
manner:—the points in which all the species of a genus
resemble each other, and in which they differ from the

species of some other genus, are called generic characters;

and these characters in common I attribute to inheritance

from a common progenitor, for it can rarely have ha’i)pened

that natural selection will have modified several species,

fitted to more or less widely-different habits, in exactly the

same manner ; and as these so-called generic characters

have been inherited from a remote period, since that period

when the species first branched off from their common
progenitor, and subsequently have not varied or come to

differ in any degree, or only in a slight degree, it is not
probable that they should vary at the present day. On the

other hand, the points in which species differ from other
species of the same genus, are called specific characters ;

and as these specific characters have varied and come to
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differ within the period of the branching off of the spec

from a common progenitor, it is probable that they shoi

still often be in some degree variable,—at least m(;jre varia'

than those parts of the organisation which have for a v*

long period remained constant.

In connexion with the present subject, I will make o
two other remarks. I tixink it will be admitted, without

entering on details, tl^at secondary sexual characters are v
variable ; I think it ^also will bp admitted that species

the same group differ from each" other more widely in tb

secondary sexual character*?, than in other parts of tb

organisation ;
compare, for* instance, the amount of dif

ence between the males of gallinaceojiis birds, in wh
secondary sexual characters are strongly displayed, with

amount of difference between their females
; and the tr

of this proi)Osition will be granted. The cause of the origi

variability of secondary sexual characters is not manift

but we can see why these characters should not have b
rendered as constant and uniform as other parts of

organisation
;

for secondary sexual characters have bi

accumulated by sexual selection, which is less rigj^J. in

action than ordinary selection, as it does not entail dei

but only gives fewer offspring to the loss favoured ma
Whatev^er the cause may be of the variability of second
sexual characta^'s, as they are highly variable, sexual select

will have had a wide scope for action, and may thus rea
have succeeded in giving to the species of the same gr*

.a greater amount of difference in their sexual charact
tlian in other parts of their structure.

It is a remarkable fact, that the secondary sexual differcr

between the two sexes of the same species are gener
displayed in the very same parts of the organisation in wl
the different species of the same genus diljlpr from e
other. Of this fact I will give in iliustration two instan
the first which happen to stand on my list

;
and as

differences in these cases are of a very unusual nature,
relation can hardly be accidental. 'Fhe same nurnbei
Joints ill the tarsi is a character generally common to \

large groups of beetles, but in the Engidae, as Westw
ijas remarked, the number varies greatly

; and the num
likewise differs in the two sexes of the same species : a^ <

in fossorial hymenoptera, the manner of neuration of ,

wings is a character of the highest importance, beca
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, imon to large groups ; but in certain genera the neuration

; srs in the different species, and likewise in the two sexes

the same species. This relation has a clear meaning on
view of the subject : I look at all the species of the

ne genus as having as certainly descended from the same
igenitor, as have the two sexes of any one of the species,

msequently, whatever part of the structure of the common
ogenitor, or of its early descendarjts, became variable

;

itiations of this part wouid, it is highly probable, be taken
ivantage of by natural and sexual, selection, in order to

L the several species to their soweral places in the economy
i nature, and likewise to fit the two sexes of the same
pecies to each oliier, or to fit the males and females to

iffcrent habits of life, or the males to struggle w'ith other

lales for the possession of the females.

Finally, then, I conclude that the greater variability of

pecific characters, or those vrhich distinguish species from
pecies, than of generic characters, or those which the species

»ossess in common ;—that the frequent extreme variability

•f*any part which is developed in a species in an extraordinary

naruior. .in gamparison with the same part in its congeners

;

.nd the not great degree of variability in a part, however
;xtraordinarily it may be developed, if it be common to a
\rhole group of species ;—that the great variability of secondary
exual characters, and the great amount oT difference in

hese same characters between closely allied species ;—that

econdary sexual and ordinary specific differences are generally

isplayed in the same parts of the organisation,—^are all

rinciples closely connected together. All being mainly due
} the species of the same group having descended from a
ommon progenitor, from whom they have inheriteej much
1 common,—to parts which have recently and largely varied

eing more likely still to go on varying than parts which
ave long been inherited and have not varied,—to natural

jlection having more or less completely, according to the lapse
' time, overmastered the tendency to reversion and to further

iriability,—to sexual selection being less rigid than ordinary

lection,—^and to variations in the same parts having been
^cumulated by natural and sexual selection, and thus adapted
r secondary sexual, and for ordinary specific purposes.

Distinct species present analogous variations ; and a variety

one species often assumes some of the chariicters of an allied

9
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species^ or reverts to some of the characters of an early pro-

genitor,—These propositions will be most readily understood

by looking to our domestic races. The most district breeds

of pigeons, in countries most widely apart, present sub-varieties

with reversed feathers on the head and feathers on the

feet,—characters not posst^^sed by the aboriginal rock-pigeon :

these then are analogous variations in two or more distinct

races. The frequent:, presence of fourteen or eVen sixteen

tail-feathers in the pouter, may be considered as a variation

representing the normal <structure of another race, the fantail.

I presume that no one wilf doubt that all such analogous

variations are due to the several races of the pigeon having

inherited from a common parent the sanle constitution and
tendency to variation, when acted on by similar unknown
influences. In the vegetable kingdom we have a case of

analogous variation, in the enlarged stems, or roots as

commonly called, of the Swedish turnip and Ruta baga,

plants which several botanists rank as varieties produced by

cultivation from a common parent: if this be not so, the

case will then be one of analogous variation in two so-called

distinct species; and to these a third may be added, uiam el y,

the common turnip. Accoiding to the ordinary view of

each species having been independently created, we should

have to attribute this similarity in the enlarged stems oi

these three pldnts, not to the vera causa of community ot

descent, and a consequent tendency to vary in a like manner,
but to three separate yet closely related acts of creation.

With pigeons, however, we have another case, namely,

the occasional appearance in all the breeds, of slaty-blue

birds with two black bars on the wings, a white rump, a

bar at fne end of the tail, with the outer feathers externally

edged near their bases with white. As all these marks are

characteristic of the parent rock-pigeon, I pre&ame that no
one will doubt that this is a case of reversion, and not
of a new yet analogous variation appearing in the several

breeds. We may I think confidently come to this conclusion,
because, as we have seen, these coloured marks are eminently
liable to appear in the crossed offspring of two distinct and
differently coloured breeds

;
and in this case there is nothing

in the external conditions of life to cause the reappearance
of the slaty-blue, with the several marks, beyond the influence
of the mere act of crossing on the laws of inheritance.
No doubt it is a very surprising fact that characters should
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reappear after having been lost for many, perhaps for hundreds
of generations. But when a breed has been crossed only

once by iome other breed, the offspring occasionally show
a tendency to revert in character to the foreign breed for

many generations—some say, for a dozen or even a score

of generations. After twelve generations, the proportion of

blood, to use a common expression, of any one ancestor, is

only I in 2048 ;
and yet, as we see, k is generally believed

that a tendency to reversion is retained by this very small

proportion of foreign blood. In % breed which has not

been crossed, but in which parents have lost some
character which their progenitor possessed, the tendency,

whether strong or weak, to reproduce the lost character might
be, as was formerly remarked, for all that we can see to

the contrary, transmitted for almost any number of generations.

When a character which has been lost in a breed, reappears

after a great number of generations, the most probable

hypothesis is, not that the offspring suddenly takes after an
ancestor some hundred generations distant, but that in each

successive generation there has been a tendency to reproduce

the* eharaett^r in question, which at last, under unknown
favourable conditions, gains an ascendancy. For instance, it

IS probable that in each generation of the barb-pigeon, which
produces most rarely a blue and black-barred bird, there

has been a tendency in each generation in •the plumage to

assume this colour. This view is hypothetical, but could

be supported by some facts
;
and I can see no more abstract

improlxibility in a tendency to produce any character being
inherited for an endless number of generations, than in

quite useless or rudimentary organs being, as we all know
them to be, .thus inherited. Indeed, w^e may sejmetimes

ojjserve a mere tendency to produce a rudiment inherited

:

for instance,•• in the common snapdragon (Antirrhinum) a

rudiment of a fifth stamen so often appears, that this plant

must ha\e an inherited tendency to produce it.

As all the species of the same genus are supposed, on my
theory, to have descended from a common parent, it might
be expected that they would occasionally vary in an analogous
manner ; so that a variety of one species would resemble
m some of its characters another species

; this other species

being on my view only a well-marked and permanent variety.

But characters thus gained would probably be of an unim-
portant nature, for the presence of all important characters
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will be governed by natural selection, in accordance with

the diverse habits of the species, and will not be left to

the mutual action of the conditions of life and of a similar

inherited constitution. It might further be expected that

the sjjecies of the same genus would occasionally exhibit

reversions to lost ancestral characters. As, however, we
never know the exact character of the common ancestor

of a group, we coultj not distinguish these two cases : if,

for instance, we did not know
>
^hat the rock-pigeon was

not feather-footed or tu^jn-crowned, we could not have told,

whether these chnracters in^ our domestic breeds were re-

versions or only analogous variations
;

but we might have

inferred that tlie blueness was a case of reversion, from the

number of the markings, w’hich are correlated with the blue

tint, and which it does not appear probable would all appear

together from simple variation. More especially we might

have inferred this, from the blue colour and marks so often

appearing when distinct breeds of diverse colours are crossed.

Hence, though under nature it must generally be left doubtful,

what cases are reversions to an anciently existing character,

and what are new but analogous variations, yejt wei» ought,

on my theory, sometimes to find the varying offspring of a

species assuming characters (either from reversion or from
analogous variation) which already occur in some other

members of the same group. And this undoubtedly is the

case in nature.

A considerable part of the difficulty in recognising a

variable species in our systematic works, is due to its varieties

mocking, as it were, some of the other species of the same
genus. A considerable catalogue, also, could be given of

forms ir|[;tcrmediate between two other forms, wfiich themselves
must be doubtfully ranked as either varieties or species

;

and this shows, unless all these forms be com';idered as in-

dependently created species, that the one in varying has
assumed some of the characters of the other, so as to produce
the intermediate form. But the best evidence is afforded
by parts or organs of an important and uniform nature
occa‘=ionaily varying so as to acquire, in some degree, the
character of the same part or organ in an allied species.

I have col'?c;ted a long list of such cases; but here, as
before, 1 lie under a great disadvantage in not being able
to give them. I can only repeat that such cases certainly

Jo occur, and seem to me very remarkable.
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I will, however, give one curious and complex case, not

indeed as affecting any important character, but from occurring

in several «species of the same genus, partly under domestica-

tion and partly under nature. It is a case ai)p;nently of

reversion. The ass not rarely has very distinct transverse bars

on its legs, like those on the legs of the zebra : it has been
asserted that these are plainest in ttie foal, and from inquiries

which I have made, I believe this to^be true. It has also

been asserted that the stripe on each Shoulder is sometimes
double. The shoulder-stripe is certainly very variable in

length and outline. A white ass^ but not Tm albino, has been
described without either spinal or shoulder stiipe; and
these stripes are »ometimes very obscure, or actually quite

lost, in dark-coloured asses. The koulan of Pallas is said

to have been seen with a double shoulder-stripe. The
hemionus has no shoulder-stripe; but traces of it, as stated

by Mr. Blyth and others, occasionally appear: and I have

been informed by Colonel Poole that the foals of this species

are generally striped on the legs, and faintly on the shoulder.

The quagga, though so plainly barred like a zebra over the

body,*i£> witiiout bars on the legs; but Dr. Gray has figured

one specimen with very distinct zebra-like bars on the hocks.

With respect to the horse, I have collected cases in England
of the spinal stripe in horses of the most distinct breeds, and
of all colours; transverse bars on the legs "are not rare in

du'.iS, mouse-duns, and in one instance in a chestnut : a faint

shoulder-stripe may sometimes be seen in duns, and I have
seen a trace in a bay horse. My son made a careful examina-
tion and sketch for me of a dun Belgian cart-horse with a

double stripe on each shoulder and with leg-stripes; and
a man, whom. I can implicitly trust, has examined fRr me a
spiall dun Welch pony with three short parallel str*ipes on
each shouldar.

In the north-west part of India the Kattywar breed of

horses is so generally striped, that, as I hear from Colonel

Poole, who examined the breed for the Indian Government,
a horse without stripes is not considered as purely-bred. The
spine is always striped

;
the legs are generally barred

; and
the shoulder-stripe, which is sometimes double and sometimes
treble, is common ; the side of the face, moreover, is some
times striped. The stripes are plainest in the foal; and
sometimes quite disappear in old horses. Colonel Poole has
seen both gray and bay Kattywar horses striped when first



134 ON THE ORIGIN OF SPECIES.

foaled. I have, also, reason to suspect, from information

given me by Mr. W. W. Edwards, that with the English

race-horse the spinal stripe is much commoner in the foal

than in the full-grown animal. Without here entering on

further details, I may state that I have collected cases of leg

and shoulder stripes in horses of very different breeds, in

various countries from liritain to Eastern China
; and from

Norwriy in the north* to the Malay Archipelago in the south.

In all parts of the world these fitripes occur far oftenest in

duns and mouse-duns > by the term dun a large range of

colour is included, from of.e between brown and black to

a close approach to cream-colour.

I am aware that Colonel Hamilton Smith, who has written

on this subject, believes that the several breeds of the horse

have descended from several aboriginal species—one of which,

the dun, was striped; and that the above-described appear-

ances are all due to ancient crosses wdth the dun stock. But
I am not at all satisfied with this theory, and should be loth

to apply it to breeds so distinct as the heavy Belgian cart-

horse, Welch ponies, cobs, the lanky Kattywar race, &c.,

inhabiting the most distant parts of the world. .
* -

Now let us turn to the effects of crossing the several species

of the horse-genus. Rollin asserts, that the common mule
from the ass and horse is particularly apt to have bars on its

legs. I once saw a mule with its legs so much strii)ed that any
one at first would have thought tliat it must have been the

product of a zebra; and Mr. W. C. Martin, in his excellent

treatise on the horse, has given a figure of a similar mule.
In four coloured drawings, which I have seei, of hybrids
between the ass and zebra, the legs were much more plainly

barred ‘than the rest of the body ; and in one* of them there
was a double shoulder-stripe. In Lord Moreton^s famous
hybrid from a chestnut mare and male quagga, the hybrid,
and even the pure offspring subsequently produced from the
mare by a black Arabian sire, were much more plainly barred
across the legs than is even the pure quagga. Lastly, and
tills is anoiiier most remarkable case, a hybrid has been
figured by Dr. Gray (and he informs me that he knows
of a second case) from the ass and the hemionus

;
and this

hybritj, though the ass seldom has stripes on its legs and the
hemionus has none and has not even a shoulder-stripe,
nevertheless had all four legs barred, and had three short
shoulder-stripes, like those on the dun Welch pony, and even
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had some zebra-like stripes on the sides of its face. With
respect to this last fact, 1 was so convinced that not even
a stripe of colour appears from what would commonly he
called an accident, that I was led solely from the occurrence

of the face-stripes on this hybrid from the ass and hemionus,

to ask Colonel Poole whether such face-stripes ever occur

in the eminently striped Kattywar breed of hor^^es, and was,

as we have seen, answered in the alljfmative.

What now are we to saf to these several facts ? We see

several very distinct species of the ' horse-genus becoming,

by simple variation, striped on tlfe legs like a zebra, or striped

on the shoulders like an ass. In the horse we see this

tendency strong whenever a dun tint appears—a tint which
approaches to that of the general colouring of the other species

of the genus. I'he appearance of the stripes is not

accompanied by any change of form or by any other new
character. We see this tendency to become striped most
strongly displayed in hybrids from between several of the

most distinct species. Now observe the case of the several

breeds of pigeons : they are descended from a pigeon (includ-

ing two •or- three sub-species or geographical races) of a

bluish colour, with certain bars and other marks
;
and when

any breed assumes by simple variation a bluish tint, these

bars and other marks invariably reappear : but without any
other change of form or character. When *the oldest and
truest breeds of various colours are crossed, we see a strong

tendency for the blue tint and bars and marks to reappear

in the mongrels. I have stated that the most probable

hypothesis to account for the reappearance of very ancient

characters, is—that there is a tendency in the young pf each

successive generation to produce the long-lost character, and
that this tendency, from unknown causes, sometimes prevails.

And we have^Just seen that in several species of the horse-

genus the stripes are either plainer or appear more commonly
in the young than in the old. Call the breeds of pigeons,

some of which have bred true for centuries, species; and
how exactly parallel is the case with that of the species of

the horse-genus ! For myself, I venture confidently to look

back thousands on thousands of generations, and I see an
animal striped like a zebra, but perhaps otherwise very

differently constructed, the comnion parent of our domestic

horse, whether or not it be descended from one or more wild

stocks, of the ass, the hemionus, quagga, and zebra.
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He who believes that each equine species was inde-

pendently created, will, I presume, assert that each species

has been created with a tendency to vary, both urider nature

and under domestication, in this particular manner, so as

often to become striped like other species of the genus ; and
that each has been created with a strong tendency, when
crossed with species inhabiting distant quarters of the world,

to produce hybrids resembling in their stripes, not their own
parents, but other sjxicies of the genus. To admit this view

is, as it seems to me, tc reject a real for an unreal, or at least

for an unknown, cause. It 'snakes the works of God a mere
mockery and deception

;
I would almost as soon believe with

the old and ignorant cosmogonists, that fossil shells had
never lived, but had been created in stone so as to mock
the shells now living on the sea-shore.

Smnmary,—Our ignorance of the laws of variation is

pr(jfound. Not in one case out of a hundred can we pretend

to assign any reason why this or that part differs, more or

less, from the same part in the parents. But whenever we
have the means of instituting a comparison, the sfi.me*laws

appear to have acted in producing the lesser differences between
varieties of the same species, and the greater differences

between species of the same genus. The external conditions

of life, as climAte and food, &c., seem to have induced some
Slight modifications. Habit in producing constitutional dif-

ferences, and use in strengthening, and disuse in weakening
and diminishing organs, seem to have been more potent in

their effects. Homologous parts tend to vary in the same
way, and homologous parts tend to cohere. Modifications
in har^ parts and in external parts sometimes affect softer

and internal parts. When one part is largely developed,
perhaps it tends to draw nourishment from '•the adjoining
parts

; and every part of the structure which can be saved
without detriment to the individual, will be saved. Changes
of structure at an early age will generally affect parts

subsequently developed
; and there are very many other

correlations of growth, the nature of which we are utterly
unable to understand. Multiple parts are variable in number
and in structure, perhaps arising from such parts not having
been closely specialised to any particular function, so that
the:r modifications have not been closely checked by natural
seleclion. It is probably from this same cause that organic
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beings low in the scale of nature are more varial)le than those

which have their whole organisation more specialised, and
are higher in the scale. Rudimentary organ.s, from being

useless, will be disregarded by natural selection, and hence
probably are variable. Specific characters—that is, the cha
racters which have come to differ since the several species

of the same genus branched off fi*om a common parent-
are more variable than generic characters, or those which
have long been inherited, <|ind have nbt differed within this

same period. In these remarks we kave leferred to special

parts or organs being still variabk, because they have recently

varied and thus come to differ; but we have also seen in

the second Chapter that the same principle applies to the

whole individual
;
for in a district where many species of

any genus are found—that is, where there has been much
former variation and differentiation, or where the manufactory
of new specific forms has been actively at work—there, on
an average, we now find mo.st varieties or incipient species.

Secondary sexual characters are highly variable, and such

characters differ much in the *ipecies of the same group.

Variabilky w the same parts of the organisation has generally

been taken advantage of in giving secondary sexual differences

to the sexes of the same species, and specific differences to

the several species of the same genus. Any part or organ

developed to an extraordinary size or in ati extraordinary

manner, in comparison with the same part or organ in the

alired species, must have gone through an extraordinary

amount of modification since the genus arose
;
and thus we

can understand why it should often still be variable in a

much higher degree than other parts
;
for variation is a long-

continued and slow process, and natural selection •will in

S4ch cases not as yet have had time to overcome the tendency
to further vanability and to reversion to a less modified

state. But when a species with any extraordinarily-developed

organ has become the parent of many modified descendants

—which on my view must be a very slow process, requiring

a long lapse of time—in this case, natural selection may
readily have succeeded in giving a fixed character to the

organ, in however extraordinary a manner it may be developed.

Species inheriting nearly the same constitution from a common
parent and exposed to similar influences will naturally tend

to present analogous variations, and these same species may
occasionally revert to some of the characters of their ancient
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progenitors. Although new and important modifications may
not arise from reversion and analogous variation, such
modifications will add to the beautiful and harmonious
diversity of nature.

Whatever the cause may be of each slight difference in

the offspring from their parents—and a cause for each must
exist— it is the 'steady accumulation, through natural selection,

of such differences, when beneficial to the individual, that

gives rise to all the more important: modifications of structure,

by which the innumerable beings on the face of this earth

are enabled to struggle with^ach other, and the best adapted
to survive.
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DltFlCULTIES ON 'rHEoRY.

DtfHcullics on the theory f)f ilescent with modification—Transitions

—

Absence or rarity of transitional varieties—Transitions in habits of life

—Diversified habits in the same species— Species with habits widely
different from those of their allies—Organs of extreme perfection

—

Means of transition—Cases of difficulty—Natura non lacit saltum

—

Organs of small importance— Organs not in all ca‘Nes absolutely

perfect
—

'I'he law of Unity of Type and of the Conditions of Existence
tiiibraccd by the theory of Natural Selection.

Long -^jeXooi.having arrived at this part of my work, a crowd
of difficulties will have occurred to the reader. Some of them
are so grave that to this day I can never reflect on them
without being staggered

;
but, to the best of my judgment,

the greater number are only apparent, and •those that are

real are not, I think, fatal to ray theory.

TuSse difficulties and objections may be classed under the

following heads ;—Firstly, why, if species have descended
from other species by insensibly fine gradations, do we not

everywhere see innumerable transitional forms ? ^Vhy is not

all nature in confusion instead of the species beingj as we
se^ them, well defined?

Secondly, is it possible that an animal having, for instance,

the structure and habits of a bat, could have been formed
by the modification of some animal with wholly different

habits ? Can we believe that natural selection could produce,

on the one hand, organs of trifling importance, such as the

tail of a giraffe, wdiich serves as a fly-flapper, and, on the

other hand, organs of sbeh wonderful structure, as the eye,

of which we hardly as yet fully understand the inimitable

perfection ?

Thirdly, can instincts be acquired and modified through
natural selection ? What shall we say to so marvellous an

139
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instinct as that which leads the bee to make cells, which

have practically anticipated the discoveries of profound

mathematicians ? ®

Fourthly, how can we account for species, when crossed,

being sterile and producing sterile offspring, whereas, when
varieties are crexssed, their fertility is unimpaired ?

The two first heads shall be here discussed—Instinct and
Hybridism in separate chapters. ^

f

On the absence or rairty of transitional varieties .—As natural

selection acts solely by th€* preservation of profitable inodi-

lications, each new form will tend in a fully-stocked country

to take the pl.ice of, and finally to exterminate, its own less

improved parent or other less-favoured forms with which

it comes into competition. Thus extinction and natural

'selection will, as we have seen, go hand in hand. Hence,
if we look at each species as descended from some other

unknown form, both the parent and all the transitional

varieties will generally have been exterminated by the very

process of formalion and perfection of the new form.

But, as by this theory innumerable transi*’onal • forms

must have existed, why do we not find them embedded in

countless numbers in the crust of the earth ? It will be much
more convenient to discuss this question in the chapter

on the Impcrf<..ction of the geological record
;
and I will here

only state that I believe the answer mainly lies in the record

being incomparably less perfect than is generally supposed

;

the imperfection of the record being chiefly due to organic

beings not inhabiting profound depths of the sea, and to

their remains being embedded and preserved to a future

age on/y in masses of sediment sufficiently thick and extensive

to withstand an enormous amount of future degrad.itio 'i
; and

such fossil ifjrous masses can be accumulated orJy where much
sediment is depo.siied on the shallow bed of the sea, whilst

It slowly subsides. These contingencies will concur only
rarely, and aficr enormously long intervals. Whilst the bed
of the sea is stationary or is rising, or when very little

sediment is being deposited, there will be blanks in our
geological history. The crust of th6 earth is a vast museum ;

but ti e natural collections have been made only at intervals

of time immensely remote.
But it may be urged that when several closely-allied species

rjhabit the same territory we surely ought to find at the
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present time many transitional forms. Let us take a simple

case : in travelling from north to south over a continent,

we general!*/ meet at successive intervals with closely allied

or representative species, evidently filling nearly the same
place in the natural economy of the land. These repre-

sentative species often meet and interlock
;
and aa the one

becomes rarer and rarer, the other Becomes more and more
frequent, till the one replaces the other. . But if we compare
these species where they iPiiterminglq^ they are generally

as absolutely distinct from each othqft in every detail of

structure as are specimens taken fr#m the metropolis inhabited

by each. By my theory these allied species have descended
from a common parent; and during the process of modifi-

cation, each has become adapted to the conditions of life

of its own region, and has supplanted and exterminated its

original parent and all the transitional varieties between its

past and present states. Hence we ought not to expect at

the present time to meet with numerous transitional varieties

in each region, though they must have existed there, and
may be embedded there in a fossil condition. But in the

intermediate-region, having intermediate conditions of life,

why do we not now find closely-linking intermediate varieties ?

Thfs difficulty for a long time quite confounded me. But
1 think it can be in large part explained.

In the first place we should be extremeb^ cautious in

inferring, because an area is now continuous, that it has been
conffnuous during a long period. Geology would lead us

to believe that almost every continent has been broken
up into islands even during the later tertiary periods

;
and

in such islands distinct species might have been separately

formed without the possibility of intermediate v^ieties

existing in the intermediate zones. By changes in the form
of the land ard of climate, marine areas now continuous

must often have existed within recent times in a far less

continuous and uniform condition than at present. But I

will pass over this way of escaping from the difficulty ; for

I believe that many perfectly defined species have been
formed on strictly continuous areas

;
though I do not doubt

that the formerly broken condition of areas now continuous
has played an important part in the formation of new
species, more especially with freely-crossing and wandering
animals.

In looking at species as they are noAv distributed over
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a wide area, we generally find them tolerably numerous over
a large territory, then becoming somewhat abruptly rarer

and rarer on the confines, and finally disappearing. Hence
ihe neutral territory between two representative species is

generally narrow in comparison with the territory proper
to each. We see the same fact in ascending mountains, and
sometimes it is quite remarkable how abruptly, as Alph. De
Candolle has observed, a common alpine specids disappears,

rhe same fact has ^een notic^^i by Forbes in sounding the

depths of the sea with the dredge. To those who look at

climate and the physical conditions of life as the all-important

elements of distribution, these facts ought to cause surprise,

as climate and height or depth gradKate away insensibly.

But when we bear in mind that almost every species,

even in its metropolis, would increase immensely in numbers,
were it not for other competing species

; that nearly
all either prey on or serve as prey for others; in short,

that each organic being is either directly or indirectly related

in the most important manner to other organic beings, we
must see that the range of the inhabitants" of any country
by no means exclusively depends on insensJK\l>> changing
physical conditions, but in large part on the presence of
other species, on which it depends, or by which it is destroyed,
or with which it comes into competition

; and as these species
are already defined objects (however they may have become
so), not blending one into another by insensible gradations,
the range of any one species, depending as it does ""on the
range of others, will tend to be sharply defined. Moreover,
each species on the confines of its range, where it exists in
lessened numbers, will, during fluctuations in the number
of itS^enemies or of its prey, or in the seasons, be extremely
liable to utter extermination

; and thus its geographical range
will come to be still more sharply defined.

If I am right in believing that allied or representative
species, when inhabiting a continuous area, are generally so
distributed that each has a wide range, with a comparatively
nariow neutral territory between them, in which they become
rather suddenly rarer and rarer; then, as varieties do not
essentially differ from species, the same rule will probably
apply to both

; and if we in imagination adapt a varying
species to a very large area, we shall have to adapt two
varieties to two large areas, and a third variety to a narrow
intermediate zone. The intermediate variety, consequently,
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will exist in lesser numbers from inhabiting a narrow and
lesser area ;

and practically, as far as I can make out, this

rule holds good with varieties in a state of nature. I have

met with striking instances of the rule in the case of varieties

intermediate between well-marked varieties in the genus

Balanus. And it would appear from information given me
by Mr. Watson, Dr. Asa Gray, an*d Mr. Wollaston, that

generally when varieties intermediate between tw^o other forms

occur, they are much rarer mimerically ?jhafi the forms which

they connect. Now, if we may trurt thcib facts and inferences,

and therefore conclude that vafieties linking two other

varieties together have generally existed in lessy numbers
than^ the forms wh«h they connect, then, I think, we can

understand why intermediate varieties should not endure for

very long periods;—why as a general rule they should be
exterminated and disappear, sooner than the fprms which
they originally linked together.

For any form existing in lesser numbers would, as already

remarked, run a greater chance of being exterminated than

one existing in large numbers ; and in this particular case the

intermedia^ft-form would be eminently liable to the inroads

of closely allied forms existing on both sides of it. But a
far more important consideration, as I believe. Is that, during

the process of further modification, by which two varieties

are supposed on my theory to be converted Tind perfected

into two distinct species, the two which exist in larger numbers
fronT inhabiting larger areas, will have a great advantage
over the intermediate variety, which exists in smaller numbers
in a narrow and intermediate zone. For forms existing in

larger numbers will always have a better chance, within any
given period, of presenting further favourable variations for

natural selection to seize on, than will the rarer fonns which
t*xist in lesser ' numbers. Hence, the more common forms,

m the race for life, will tend to beat and supplant the less

common forms, for these will be more slowly modified and
improved. It is the same principle which, as I believe,

accounts for the common species in each country, as shown
in the second chapter, presenting on an average a greater

number of well-marked varieties than do the rarer species.

I may illustrate what I mean by supposing three varieties

<jf sheep to be kept, one adapted to an extensive mountainous
region ; a second to a comparatively narrow, hilly tract ; and
a third to wide plains at the base ; and that the inhabitants
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are all trying with equal steadiness and skill to improve t^

stocks by selection ; the chances in this case will be stroi

in favour of the great holders on the mountains or on
plains improving their breeds more quickly than the si

holders on the intermediate narrow, hilly tract; and »

sequently the improved mountain or plain breed will s

take the pla.ee of the Idlss improved hill breed ; and thus

two breeds, which originally existed in greaten numbers,
come into close corijact with eech other, without the ii

position of the supplanted, intermediate hill-variety.

To sum up, I believet.that species come to be toler

well-defined objects, and do not at any one period pre

an inextricable chaos of varying and ^ intermediate li

firstly, because new varieties are very slowly formed,
variation is a very slow process, and natural selection cai

nothing until favourable variations chance to occur,

until a place in the natural polity of the country can be b
filled by some modification of some one or more of

inhabitants. And such new places will depend on
changes of climate, or on the occasional immigration of

inhabitants and, probably, in a still more impiuft.mt./lei

on some of the old inhabitants becoming slowly modi
with the new forms thus produced and the old ones at

and reacting on each other. So that, in any one region

at any one time, we ought only to see a few species presei

slight modifications of structure in some degree permar
and this assuredly we do see.

Secondly, areas now continuous must often have ex
within the recent period in isolated portions, in which r

forms, more especially amongst the. classes which unite

each birth and wander much, may have aseparately
'

rendered sufficiently distinct to rank as representative spe

In this case, intermediate varieties between the severa

presentative species and their common parent, must forn

have existed in each broken portion of the land, but t
'

links will have been supplanted and exterminated di
the process *of natural selection, so that they will no la
exist m a living state.

Thirdly, when two or more varieties have been for

in dific*-ent portions of a strictly continuous area, intermec*
varieties will, it is probable, at first have been formed in

intermediate zones, but they will generally have had a s'

durativ>n. For these intermediate varieties will, from rea
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already assigned (namely from what we know of the actual

distribution of closely allied or representative species, and
likewise acknowledged varieties), exist in the intermediate

zones in lesser numbers than the varieties which they tend

to connect. From this cause alone the intermediate varieties

will be liable to accidental extermination
; and during the

process of further mod ilication J,hrough natural selection,

hey will almost certainly be beaten and supplanted by the

brms which they connect ;
for these/rom existing in gi eater

lumbers will, in the aggfegate, prcF^fent more variation, and
hus be further improved throu<^h natural selection and gain

urther advantages.

Lastly, looking^ not to any one time, but to all time, if

ny theory be true, numberless intermediate varieties, linking

nost closely all the species of the same group together, must
issuredly have existed

;
but the very process of natural

selection constantly tends, as has been so often remarked,
.0 exterminate the parent-forms and the intermediate links.

Consequently evidence of their former existence could be
tound only amongst fossil remains, which are preserved, as

we jihalHn a future chapter attempt to show, in an extremely
imperfect and intermittent record.

On the origin and transitions of orgallic beings with peculiar
habits and structure,—It has been asked l:^ the opponents
of such views as I hold, how, for instance, a land carnivorous

•«c.ia.4al could have been converted into one with aquatic
habits

;
for how could the animal in its transitional state have

subsisted? It would be easy to show that within the same
group carnivorous animals exist having every intermediate

grade between truly aquatic and strictly terrestrial^ habits

;

and as each exists by a struggle for life, it is clear that each
is well adapted in its habits to its place in nature. Look
at the Musicla vison of North America, which has webbed
feet and which resembles an otter in its fur, short legs, and
form of tail

;
during summer this animal dives for and preys

on fish, but during the long winter it leaves the frozen waters,

and preys like other polecats on mice and land animals. If

a different case had been taken, and it had been asked how
an insectivorous quadruped could possibly have been con-
verted into a flying bat, the question would have been far

more difficult, and I could have given no answer. Yet I

think such difficulties have very little weight.

lO
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Here, as on other occasions, I lie under a heavy dis-

advantage, for out of the many striking cases which I have

collected, I can give only one or two instances of tuansitional

habits and structures in closely allied species of the same
genus ;

and of diversified habits, either constant or occasional,

in the same species. And it seems to me that nothing less

than a long list of such* cases is sufficient to lessen the

difficulty in any particular case like that of the bat.
j

Look at the family ^f squirrels • here we have the finest

gradation from animals\vith their tails only slightly flattened,

and from others, as Sir J. Ri^ardson has remarked, with the

posterior part of their bodies rather wude and wuth the skin

on their flanks rather full, to the so-calle,d flying squirrels;

and flying squirrels have their limbs and even the base of the

tail united by a broad expanse of skin, which serves as a

parachute and allows them to glide through the air to an
astonishing distance from tree to tree. AVe cannot doubt
that each structure is of use to each kind of squirrel in its own
country, by enabling it to escape birds or beasts of prey, or

to collect food more quickly, or, as there is reason to believe,

by lessening the danger from occasional falls. BpJ;>it does
not follow from this fact that the structure of each squirrel is

the best that it is possible to conceive under all natural

conditions. Let the climate and vegetation change, let other

competing rodeijts or new^ beasts of prey immigrate, or old

ones become modified, and all analogy would lead us to

believe that some at least of the squirrels would decrease’ kx

numbers or become exterminated, unless they also became
modified and improved in structure in a corresponding manner.
Therefore, I can see no difficulty, more especially under
changing conditions of life, in the continued preservation of

individuals with fuller and fuller flank-membranes, each modi-
fication being useful, each being propagated, until by the

accumulated effects of this process of natural selection, a

perfect so-called flying squirrel was produced.
Now look at the Galeopithecus or flying lemur, which

formerly was falsely ranked amongst bats. It lias an extremely
wide flank membrane, stretching from the corners of the jaw
to the tail, and including the limbs and the elongated fingers :

the flank-niwibrane is, also, furnished with an extensor
muscle. AUliOiigh no graduated links of structure, fitted for

gliding through the air, now connect the Galeopithecus with
the other Leinuridae, yet I can see no difficulty in supposing
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that such links formerly existed, and that each had been
formed by the same steps as in the case of the less perfectly

gliding s<|uirrels ; and that each grade of structure had been
useful to its possessor. Nor can I see any insuperable

ilifficulty in further believing it possible that the membrane-
connected fingers and fore-arm of the Galeopithecus might be
greatly lengthened by natural selt^tion

;
and this, as far as

the organs of flight are concerned, would convert it into a

bat. In bats which have^thc wing-msmbrane extended from
the top of the shoulder to the tail, /including the hind-legs,

we perhaps see traces of an ap|>aratus originally constructed

for gliding through the air rather than for flight.

If about a dozgn genera of birds had become extinct or

were unknown, who would have ventured to have surmised
that birds might have existed which used their wings solely

as flappers, like the logger-headed duck (Micropterus of

Eyton)
;
as fins in the water and front legs on the land, like

the penguin
;

as sails, like the ostrich ; and functionally for

no purpose, like the Apteryx. Yet the structure of each of

these birds is good for it, under the conditions of life to which
it is^xpgsed, for each has to live by a struggle

;
but it is not

necessarily the best posable under all possible conditions. It

must not be inferred from these remarks that any of the

grades of wing-structure here alluded to, which perhaps may
all have resulted from disuse, indicate the •natural steps by
which birds have acquired their perfect powder of flight

;
hut

serve, at least, to show what diversified means of transition

are possible.

Seeing that a few members of such water-breathing classes

as the Crustacea and Mollusca are adapted to live on the

land, and seeing that we have flying birds and nAmmals,
flying insects of the most diversified types, and formerly had
flying reptiles, it is conceivable that flying-fish, which now
glide far through the air, slightly rising and turning by the aid

of their fluttering fins, miglit have been modified into per-

fectly winged animals. If this had been effected, who would
have ever imagined that in an early transitional state they

had been inhabitants of the open ocean, and had used their

incipient organs of flight exclusively, as far as we know, to

escape being devoured by other fish?

When we see any structure highly perfected for any
particular habit, as the wings of a bird for flight, we should
bear in mind that animals displaying early transitional grades
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of the structure will seldom continue to exrst to the present

day, for they will have been supplanted by the very process

of perfection through natural selection. Furthermore, we
may conclude that transitional grades between structures fitted

for very different habits of life will rarely have been developed

at an early period in great numbers and under many sub-

ordinate forms. Thus, to feturn to our imaginary illustration

of the flying-fish, it does not seem probable thatj fishes

capable of true flight\would ha^*? been developed under
many subordinate form^ for taking prey of many kinds in

many ways, on the land ancN in the water, until their organs

of flight had come to a high stage of i)erfection, so as to

have given them a decided advantage oveii.> other animals in

the battle for life. Hence the chance of discovering species

with transitional grades of structure in a fossil condition will

always be less, from their having existed in lesser numbers,
than in the case of species with fully developed structures.

I will now give two or three instances of diversified and
of changed habits in the individuals of the same species.

When either case occurs, it would be easy for natural selection

to fit the animal, by some modification of its stu’iUure^ for

its changed habits, or exclusively for one of its several different

habits. But it is difficult to tell, and immaterial for us.

whether habits generally change first and structure afterwards ;

or whether slight* modifications of structure lead to changed
habits

;
both probably often change almost simultaneously.

Of cases of changed habits it will suffice merely to allucTF \kj

that of the many British insects which now feed on exotic

plants, or exclusively on artificial substances. Of diversified

habits innumerable instances could be given : I have often

watcheefa tyrant flycatcher (Saurophagus sulphuratus) in South
America, hovering over one spot and then proceeding to

another, like a kestiel, and at other times standing stationary

on the margin of water, and then dashing like a kingfisher

at a fish. In our own country the larger titmouse (Parus
major) may be seen climbing branches, almost like a creeper

;

It often, like a shrike, kills small birds by blows on the head

;

and I have many limes seen and heard it hammering the
seeds of the yew on a branch, and thus breaking them like a
nuthatch. In North America the black bear was seen by
Hearne swimming for hours with widely open mouth, thus
catching, like a whale, insects in the water. Even in so
extreme a ense as this, if the supply of insects were constant,
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and if better adapted competitors did not already exist in

the country, I can see no difficulty in a race of bears being

rendered, •by natural selection, more and more aquatic in

their structure and habits, with larger and larger mouths, till

a creature was produced as monstrous as a whale.

As we sometimes see individuals of a species following

habits widely different from those iboth of their own species

and of the other species of the same genus, we might expect,

on my theory, that such jndividuals \%ould occasionally have
given rise to new species, naving ano'nalous habits, and with

their structure either slightly 0!> considerably modified from
that of their proper type. And such instances do occur in

nature. Can a m^jre striking instance of adaptation be given

than that of a woodpecker for climbing trees and for seizing

insects in the chinks of the bark? Yet in North America
there are woodpeckers which feed largely on fruit, and others

with elongated wings which chase insects on the wing; and
on the plains of La Plata, where not a tree grows, there is a

woodpecker, >vhich in every essential part of its organisation,

even in its colouring, in the harsh tone of its voice, and un-

dulatpry^ flight, told me plainly of its close blood-relationship

to our common species
;
yet it is a woodpecker which never

climbs a tree !

Petrels are the most aerial and oceanic of birds, yet in the

quiet Sounds of Tierra del Fuego, the Puffinuria berardi, in

its general habits, in its astonishing power of diving, its manner
L.dimming, and of flying when unwillingly it takes flight,

would be mistaken by any one for an auk or grebe
;
neverthe-

less, it is essentially a petrel, but with many parts of its

organisation profoundly modified. On the other hand, the

acutest observer by examining the dead body of th« water-

ouzel would never have suspected its sub-aquatic habits; yet

this anomalous meml^er of the strictly terrestrial thrush family

wholly subsists by diving,—grasping the stones with its feet

and using its wings under water.

He who believes tliat each being has been created as we
now see it, must occasionally have felt surprise when he has

met with an animal having habits and structure not at all in

agreement. What can be plainer than that the webbed feet

of ducks and geese are formed for swimming? yet there are

upland geese with webbed feet which rarely or never go near

the water ; and no one except Audubon has seen the frigate-

bird, which has all its four toes webbed, alight on the surface
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of Ibe sea. On the oiher hand, gTe\>es and cools are emincnVly

aquatic, although their toes are only bordered by membrane.

What seems plainer than that the long toes of gralI;jtores are

formed for walking over swamps and floating plants, yet the

water-hen is nearly as aquatic as the coot
; and the landrail

nearly as terrestrial as the quail or partridge. In such cases,

and many others could be *given, habits have changed without

a corresponding change of structure. The webbetj feet of

the upland goose may be said to^have become rudimentary
in function, though notVin structure. In the frigate-bird, the

deeply-scooped membrane bc^^w’ecn the toes shows that struc-

ture has begun to change.

He who believes in separate and innumerable acts of

creation will say, that in these cases it has pleased the Creator

to cause a being of one type to take the place of one of

another type
;
but this seems to me only restating the fact in

dignified language. He who believes in the struggle for

existence and in the principle of natural selection, will acknow-
ledge that every organic being is constantly endeavouring to

increase in numbers
;
and that if any one being vary ever so

little, either in habits or structure, and thus gain an advantage
over some other inhabitant of the country, it wilT^sei/ic on
the place of that inhabitant, however different it may be from
its own place. Hence it will cause him no surprise that

there should be, geese and frigate-birds with webbed feet,

either living on the dry land or most rarely alighting on the

water
; that there should be long-toed corncrakes livii^g k:

meadows instead of in swamps
;
that there should be wood-

peckers where not a tree grow's; that there sliould be di\ing
thrushes, and petrels with the habits of auks.

Orga'ds of extreme perfection and co7npIication.^To suppose
that the eye, with all its inimitable contrivances for adjusting
the focus to dilTerci-t distances, for admitting chTferent amounts
of light, and for the correction of spherical and chromatic
aberration, could have been formed by natural selection,

seems, I freely confess, absurd in the highest possible degree.
Yet reason tells me, that if numerous gradations from a
perfect and con.plex eye to one very imperfect and simple,
each grade being useful to its possessor, can be .shown to
exist

;
if further, the eye does vary ev<T so slightly, and the

variations be inherited, which is certainly the case; and if

any variatiem or modification in the organ be ever useful to
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an animal under changing conditions of life, then the difficulty

of believing that a perfect and complex eye could be formed

by natiirrf! selection, though insuperable by our imagination,

can hardly be considered real. How a nerve comes to be

sensitive to light, hardly concerns us more than how life

itself first originated
;
but I may remark that several facts

make me suspect that any sensitive nerve may be rendered

sensitive to light, and likewise to those coarser vibrations of

the air which produce sound. '

In looking for the gradations by which an organ in any

species has been perfected, we ftught to look exclusively to

its line^al ancestors ; but this is scarcely ever possible, and we
are forced in each •case to look to species of the same group,

that is to the collateral descendants from the same original

parent-form, in order to see what gradations arc possible, and
for the chance of some gradations having Ijeen transmitted

from the earlier stages of descent, in an unaltered or little

altered condition. Amongst existing Vertebrata, we find but

a small amount of gradation in the structure of the eye, and
from fossil species we can learn nothing on this head. In

ihis greaW'lass we should probably have to descend far beneath

the lowCvSt known fossilifeious stratum to discover the earliei

stages, by which the eye has been perfected.

in the Articulata wq can commence a series with an optic

nerve merely coated wdth pigment, and without any other

ineclianism
;
and from this low stage, numerous gradations

"Til structure, branching off in ttvo fundamentally different lines,

can be shown to exist, until we reach a moderately high stage

of perfection. In certain crustaceans, for instance, there is

a double cornea, the inner one divided into facets, within each
of which there«is a lens-sliaped swelling. In other crustacean'

the transparent cones which are coated by pigment, and whicii

proi)erly act only by excluding latcial pencils of light, are

convex at their upper ends and must act by convergence
; and

at ^lieir lower ends there seems to be an imperfect vitreous

substance. With these facts, here far too briefly and im-
perfectly given, which show that there is much graduated
diversity in the eyes of living crustaceans, and bearing in

mind how small the number of living animals is in proportion

to those w'hich have become extinct, I can see no vciy great

difficulty (not more than in the case of many other structures)

in believing that natural selection has converted the simple
apparatus of an optic nerve merely coated with pigment and
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invested by transparent membrane, into an optical instrument

as perfect as is possessed by any member of the great

Articulate class.
* r

He who will go thus far, if he find on finishing this treatise

that large bodies of facts, otherwise inexplicable, can be

explained by the theory of descent, ought not to hesitate to

go further, and to admit*-that a structure even as perfect as

the eye of an eagle might be formed by natural selection,

although in this case he does not i:now any of the transitional

grades. His reason Vught to conquer his imagination :

though I have felt the difficulty far too keenly to be surprised

at any degree of hesitation in extending the principle of

natural selection to such startling lengths.

It is scarcely possible to avoid comparing the eye to a

telescope. We know that this instrument has been perfected

by the long-continued efforts of the highest human intellects

;

and we naturally infer that the eye has been formed by a

somewhat analogous process. But may not this inference

be presumptuous? Have we any right to assume that the

Creator works by intellectual powers like those of man ? If

w’e must compare the eye to an optical instrunient^we«.ought

in imagination to take a thick layer of transparent tissue, with

a nerve sensitive to light beneath, and then suppose every

part of this layer to be continually changing slowly in density,

so as to separate into layers of different densities and thick-

nesses, placed at different distances from each other, and with

the surfaces of each layer slowly changing in form. I^rlht:*
*

we must suppose that there is a power always intently watch-

ing each slight accidental alteration in the transparent layers

;

and carefully selecting each alteration which, under varied

circumstances, may in any way, or in any degree, tend to

produce a distincter image. We must suppose each new stale

of the instrument to be multiplied by the million
; and each

to be preserved till a better l)e produced, and then the old

ones to be destroyed. In living bodies, variation wull cause
the slight alterations, generation will multiply them almost in-

finitely, and natural selection will pick out with unerring skill

each improvement. Let this process go on for millions on
millions of years 3 and during each year on millions of in-

dividuals of many kinds
; and may we not l:)elieve that a

living optical instrument might thus be formed as superior to

one of gla^'s, as the works of the Creator are to those of man ?

If it could be demonstrated that any complex organ existed,
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which could not possibly have been formed by numerous,
successive, slight modifications, my theory would absolutely

break down. But I can find out no such case. No doubt
many organs exist of which we do not know the transitional

grades, more especially if we look to much-isolated species,

round which, according to my theory, there has been much
extinction. Or again, if we look lo an organ common to

all the members of a large class, for in this latter case the

organ must have been first formed at ^n extremely remote
period, since which all the many memoers of the class have
been developed; and in order to discover the early transitional

grades through which the organ has passed, we should have
10 look to very an<;:ient ancestral forms, long since become
extinct.

We should be extremely cautious in concluding that an
organ could not have been formed by transitional gradations

of some kind. Numerous cases could be given amongst the

lower animals of the same organ performing at the same time
wholly distinct functions

;
thus the alimentary canal respires,

digests, and excretes in the larva of the dragon-fly and in the

fish Cobite^. In the Hydra, the animal may be turned inside

out, and the exterior surface will then digest and the stomach
respire. In such cases natural selection might easily specialise,

if any advantage were thus gained, a part or organ, which
had performed two functions, for one function alone, and
thus wholly change its nature by insensible steps. Two
^ioLinCt organs sometimes perform simultaneously the same
funcllv^.j in the same individual; to give one instance, there

are fish with gills or branchiie that breathe the air dissolved

in the water, at the same time that they breathe free air in

their swimblad^ers, this latter organ having a ducti;^s«^neu-

maticus for its supply, and being divided by highly vascular

partitions. In these cases, one of the two organs might with

case be modified and perfected so as to perform all the work
by itself, being aided during the process of modification by
the other organ; and then this other organ might be modified

for some other and quite distinct purpose, or be quite

obliterated.

The illustration of the swimbladder in fishes is a good one,

because it shows us clearly the highly important fact that an
organ originally constructed for one purpose, namely flotation,

may be converted into one for a wholly different purpose,

namely respiration. The swimbladder has, also, been worked
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in as an accessory to the auditory organs of certain fish, or,

for I do not know which view is now generally held, a part

of the auditory apparatus has been worked in as a«complement

to the swimbladder. All physiologists admit that the swim-

bladder is homologous, or “ ideally similar,” in position and
structure with the lungs of the higher vertebrate animals :

hence there seems to nfj to be no great difficulty in believing

that natural selection lias actually converted a swmbladder
into a lung, or organ used excl^isively for respiration.

I can, indeed, liardly doubt that all vertebrate animals

having true lungs have descended by ordinary generation

from an ancient prototype, of which we know nothing, furnished

with a floating apparatus or swimbladder. We can thus,

as 1 infer from Professor Owen’s interesting description of

these ])arts, understand the strange fact that every particle

of food and drink w^hich w’e swallow has to pass over the

orifice of the trachea, with some risk of falling into the lungs,

notwithstanding the beautiful contrivance by which the glottis

is closed. In the higher Vertebrata the branchiae have
w’holly disappeared—the slits on the sides of the neck and
the loop'Iike course of the arteries still marking in^he -embryo
their former position. But it is conceivable that the now
utterly lost branchiie might have been gradually worked in

by natural selection for some quite distinct purpose: in

the same inanifcr as, on the view- entertained by some natural-

ists that the branchiie and dorsal scales of Annelids are

homologous with the wings and wing-covers of

is probable that organs which at a very ancient period served

for respiration have been actually converted into organs of

flight.

lri*considcring transitions of organs, it is ,so important to

bear in mind the probability of conversion from one function

to another, that I will give one more instance. Pedunculated
cirrijiedes have two minute folds of skin, called by me the

ovigerourj frena, which serve, through the means of a sticky

secretion, to retain the eggs until they are hatched within the
sack. These cirripedes have no branchiai, the whole surface

of the btjdy and sack, including the small frena, serving for

respiratioi.. 'J'he Balanidae or sessile cirripedes, on the other
hand, have no ovigerous frena, the eggs lying loose at the
bottom of the sack, in the well-enclosed shell

; but they
have large folded branchiae. Now 1 think no one will dispute
tl.at the ovigerous frena in the one family are strictly
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homologous with the branchinc of the other family
;
indeed,

they graduate into each other. Thcreh^re I do not doubt
that little f^lds of skin, which originally served as ovigerous

frcna, but which, likewise, very slightly aided the act of

respiration, have been gradually converted by natural selection

into branchige, simply through an increase in their size and
the obliteration of their adhesive glanils. If all pedunculated
cirripedes had become extinct, and they have already suffered

far more extinction than ha^ sessile cirn’pedes, who would
ever have imagined that the branchite in this latter family

had originally existed as organs foi» preventing the ova from
being washed out of the sack?
Although we mus|. be extremely cautious in coi^cluding

that any organ could not possibly have been produced by
successive transitional gradations, yet, undoul^tcdly, grave

cases of difficulty occur, some of which will be discussed in

my future work.

One of the gravest is that of neuter insects, which are

(;ften very differently constructed from either the males or

fertile females
;
but this case will be treated of in the next

chapter.^ The electric organs of fishes offer another case

of special difficulty
; it is impossible to conceive by what

steps these wondrous organs have been produced
;

but, as

Owen and others have remarked, their intimate structure

closely resembles that of common muscle
;

cpnd as it has

lately been shown that Rays have an organ closely analogous

ck^ctric apparatus, and yet do not, as Matteuchi asserts,

discharge any electricity, we must own that we are far too

ignorant to argue that no transition of any kind is possible.

The electric organs offer another and even moie serious

difficulty ; for they occur in only about a dozen fishw^5>7 <^^1

which several arc widely remote in their affinities, (rcnerally

when the same organ n[)pears in several members of the same
class, especially if in members having very different habits

of life, we may attribute its presence to inheritance from a

common ancestor
;
and its absence in some of the members

to its loss throng li disuse or natural selection. Rut if the

electric organs had been inherited from one ancient progenitor

thus provided, we might have expected that all electric fishes

would have been specially related to each other. Nor docs
geology at all lead to the belief that formerly most fishes

had electric organs, which most of their modified descendants

have lost. The presence of luminous organs in a few insects^
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belonging to different families and orders, offers a parallel

case of difficulty. Other cases could be given ; for instance

in plants, the very curious contrivance of a mats of pollen-

grains, borne on a foot-stalk with a sticky gland at the end,

IS the same in Orchis and Asclepias,—^genera almost as

remote as possible amongst flowering plants. Pn all these

cases of two very distinct species furnished with apparently

the same anomalous organ, it should be observed that,

although the general appearanq^ and function of the organ

may be the same, yet some fundamental difference can

generally be detected. I iim inclined to believe that in nearly

the same way as two men have sometimes independently hit

on the very same invention, so natural selection, working for

the good of each being and taking advantage of analogous

variations, has sometimes modified in very nearly the same
manner two parts in two organic beings, which owe but

little of their structure in common to inheritance from the

same ancestor.

Although in many cases it is most difficult to conjecture

by what transitions an organ could have arrived at its present

state
;

yet, considering that the proportion of^ livhig and
known forms to the extinct and unknown is very small, I

have been astonished how rarely an organ can be named,
towards which no transitional grade is known to lead. The
truth of this vemark is indeed shown by that old canon in

natural history of “ Nalura non facit saltum.” We meet with

this admission in the writings of almost every ex[J6rieffCc3

naturalist
;

or, as Milne Edwards has well expressed it,

nature is prodigal in variety, but niggard in innovation. Why,
on the theory of Creation, should this be so ? Why should
all parts and organs of many independent beings, each
supposed to have been separately created for its proper place

in nature, be so invariably linked together by graduated steps ?

AVhy should not Nature have taken a leap from structure

to structure ? On the theory of natural selection, we can
clearly understand why she should not ;

for natural selection

can act only by taking advanta{.e of slight successive variations ;

she can never take a leap, but must advance by the shortest

and slov.est steps.

Organs of little appar nt importance.—As natural selection

acts bv life and death,—by the preservation of individuals

with anv favuiirable vara* ion, and by the destruction of those
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with any unfavourable deviation of structure,—I have some-
times felt much difficulty in understanding the origin of simple

parts, of whfeh the importance does not seem sufficient to

cause the preservation of successively varying individuals.

I have sometimes felt as much difficulty, though of a very

different kind, on this head, as in the case of an organ as

perfect and complex as the eye. •

In the first place, we are much too ignorant in regard to

the whole economy of any o«e organic being, to say what
slight modifications would be of importance or not. In a

former chapter 1 have given instances^f most trifling charactev'j,

such as the down on fruit and the colour of the flesh, which,

from determining the 9ttacks of insects or from being correlated

with constitutional differences, might assuredly be acted on
by natural selection. The tail of the giraffe looks like an arti-

ficially constructed fly-flapper
; and it seems at first incredible

that this could have been adapted for its present purpose
by successive slight modifications, each better and better,

for so trifling an object as driving away flies
;
yet we should

pause before being too positive even in this case, for w’e know
that the distribution and existence of cattle and other animals

in South America absolutely depends on their power of re-

sisting the attacks of insects : so that individuals which could

by any means defend themselves from these small enemies,

would be able to range into new pastures anc? tl^us gain a
great advantage. It is not that the larger quadrupeds are

aSlTially “destroyed (except in some rare cases) by the flies,

but they are incessantly harassed and their strength reduced,

so that they are more subject to disease, or not so well enabled
in a coming dearth to search for food, or to escape from beasts

of prey. * '

Organs now of trifling importance have probably in some
cases been of high importance to an early progenitor, and, after

having been slowly perfected at a former period, have been
transmitted in nearly the same state, although now become of

very slight use
;
and any actually injurious deviations in their

structure will always have been checked by natural selection.

Seeing how important an organ of locomotion the tail is in

most aquatic animals, its general presence and use for many
purposes in so many land animals, which in their lungs or

modified swimbladders betray their aquatic origin, may per-

haps be thus accounted for. A well-developed tail having

been fo’m^d in an aquatic animal, it might subsequently come
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to be worked in for all sorts of purposes, as a fly-flapper, an

organ of prehension, or as an aid in turning, as with the dog,

though the aid must be slight, for the hare, with hardly any

tail, can double quickly enough.

In ihe second place, we may sometimes attribute importance

to characters which are really of very little importance, and which
have originated from q-iite secondary causes, independently of

natural f- election. We should remember that ylimale, food,

&c., ])robably have some little direct influence on the organi-

sation ;
that characters reappear from the law of reversion

;

that correlation of growth will have had a most important

influence in modifying various structures
; and finally, that

sexual selection will often have largely 'modified the external

characters of animals having a will, to give one male an
advantage in fighting with another or in charming the females.

Moreover when a modification of structure has primarily arisen

from the above or other unknown causes, it may at first have
been of no advantage to the species, hut may subsequently have
been taken advantage of by the descendants of the species

under new conditions of life and with newly acquired habits.

To give a few instances to illustrate these latter .remarks.

If green woodpeckers alone had existed, and we did not

know that there were many black and pied kinds, I dare

say that we should have thought that the green colour was
a beautiful adaptation to hide this tree-frequenting bird from
its enemies

;
and consequently that it was a character of

importance and might have been acquired througti nattJSil

selection; as it is, 1 have no doubt that the colour is due
to some quite distinct cause; probably to sexual selection. A
trailing bamboo in the Malay Archipelago climbs the loftiest

tret:^,by the aid of exquisitely constructed hooks clustered

around the ends of the branches, and this contrivance, no
doubt, is of the highest service to the plant

;
but as we see

nearly similar hooks on many trees which are not climbers,

the hooks on the bamboo may have arisen from unknown
laws of growth, and have been subsequently taken advantage
of by the plant undergoing further modification and becoming
a climber. The naked skin on the head of a vulture is

generally looked at as a direct adaptation for wallowing in

putridity; and so it may be, or it may possibly be due to

the direct action of putrid matter; but we should be very
cautious in drawing any such inference, when we see that
the skin on the head of the clean-feeding male turkey is
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likewise naked. The sutures in the skulls of young mammals
have been advanced as a beautiful adaptation for aiding

parturition, ryid no doubt they facilitate, or may be indis-

j)ensable for this act
;
but as sutures occur in the skulls of

young birds and reptiles, which have only to escape from

a broken egg, we may infer that this structure has arisen from
the laws of growth, and has been takdn advantage of in the

parturition of the higher animals.

We are profoundly ignorant^of the causes producing slight

and unimportant variations
; and we are immediately made

conscious of this by reflecting on the.-differences in the breeds

of our domesticated animals in different countries,—more
especially in the less qivilized countries where there has been
but little artificial selection. Careful observers are convinced
that a damp climate affects the growth of the hair, and that

with the hair the horns are correlated. Mountain breeds
always differ from lowland breeds

;
and a mountainous country

would probably affect the hind limbs from exercising them
more, and possibly even the form of the pelvis

;
and then by

the law of homologous variation, the front limbs and even the

head would probably be affected. The shape, also, of the

pelvis might affect by pressure the shape of the head of

the young in the womb. The laborious breathing necessary

m high regions Avould, we have some reason to believe, in-

crease the size of the chest ; and again correlation would come
into play. Animals kept by savages in different countries often

laiifce to struggle for their own subsistence, and would be ex-

posed to a certain extent to natural selection, and individuals

with slightly different constitutions would succeed best under
different climates

;
and there is reason to believe that con-

stitution and colour are correlated. A good observer,.^^^,

states that in cattle susceptibility to the attacks of flies is

correlated with colour, as is the liability to be poisoned by
certain plants

;
so that colour would be tlms subjected to the

action of natural selection. Hut w'e are far too ignorant to

speculate on the relative importance of the several known and
unknown laws of variation ; and I have here alluded to them
only to show that, if we are unable to account for the charac-

teristic differences of our domestic breeds, which nevertheless

we generally admit to have arisen through ordinary generation,

we ought not to lay too much stress on our ignorance of the

precise cause of the slight analogous differences between species.

1 might have adduced for this same purpose the differences
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between the races of man, which are so strongly marker

.

may add that some little light can apparently be throwi

the origin of these differences, chiefly through sexual sele'

of a particular kind, but without here entering on co]

details my reasoning would appear frivolous.

The foregoing remarks lead me to say a few word
the protest lately nyide by some naturalists, against

utilitarian doctrine that every detail of structure has ^

produced for the good of its ^possessor. They* believe

very many structures have been created for beauty ir

eyes of man, or for n^ere variety. This doctrine, if

would be absolutely fata to my theory. Yet I fully c

that many structures are of no direct use to their posse:

Physical conditions probably have had some little effec

structure, quite independently of any good thus ga
Correlation of growth has no doubt played a most impc
part, and a useful modification of one part will often

entailed on other parts diversified changes of no c

use. So again characters which formerly were usefii

which formerly had arisen from correlation of growtl

from other unknown cause, may reappear from the la

reversion, though now of no direct use. The effects' of s

selection, when displayed in beauty to charm the feu

can be called useful only in rather a forced sense. Bi
far the moset important consideration is that the chief

of the organisation of every being is simply due to inherit

and consequently, though each being assuredly is^well *
for its place in nature, many structures now have no c

relation to the habits of life of each species. Thus, wt
hardly believe that the webbed feet of the upland

{

Or the frigate-bird are of special use to these birds

cannot believe that the same bones in the arm of the moj
*

in the fore leg of the horse, in the wing of the bat,

in the flipper of the seal, are of special use to these ani
We may safely attribute these structures to inheritance,

to the progenitor of the upland goose and of the frigate-

webbed feet no doubt were as useful as they now ai

the most aquatic of existing birds. So we may believe
the progenitor of the seal had not a flipper, but a foot
five toes fitted for walking or grasping

;
and w'e may fu

venture to believe that the several bones in the liinl

the monkey, horse, and bat, which have been inherited
a common progenitoi, were formerly of more special
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to that progenitor, or its progenitors, than they now are to

these animals having such widely diversified habits. There-

fore we laay infer that these several bones might have been-

acquired through natural selection, subjected formerly, as

now, to the several laws of inheritance, reversion, correlation

of growth, &c. Hence every detail of structure in every

living creature (making some little allowance for the direct

action of physical conditions) may be viewed, either as having

been of special use to soq^e ancestral form, or as being now
of special use to the descendants of this form—either directly,

or indirectly through the compiex laws of growth.

Natural selection cannot possibly produce any modification

in any one specie^ exclusively for the good of another species ;

though throughout nature one species incessantly takes*

idvantage of, and profits by, the structure of another. But
natural selection can and does often produce structures for

the direct injury of other species, as we see in the fang of

the adder, and in the ovipositor of the ichneumon, by whicl i

its eggs are deposited in the living bodies of other insect*;.

If it could be proved that any part of the structure of any
one species had been formed for the exclusive good of another
species, it would annihilate my theory, for such could not
have been produced through natural selection. Although

’"'many statements may be found in works on natural history

to this effect, I cannot find even one wlfich seems to me
of any weight. It is admitted that the rattlesnake has a
poisu.i-fang for its own defence and for the destruction ol

its prey
;
but some authors suppose that at the same time

this snake is furnished with a rattle for its own injury, namely,

to warn its prey to escape. I would almost as soon believe

that the cat curls the end of its tail when preparin^H^^rin^
in order to warn the doomed mouse. But I have not space
here to enter on this and other such cases.

Natural selection will never produce in a being anything
injurious to itself, for natural selection acts solely by and for

the good of each. No organ will be formed, as Paley has
remarked, for the purpose of causing pain or for doing an
injury to its possessor. If a fair balance be struck between
the good and evil caused by each part, each will be found on
the whole advantageous. After the lapse of time, under
changing conditions of life, if any part comes to be injurious,

it will be modified
; or if it be not so, the being will become

extinct, as myriads have become extinct.

II
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Natural selection tends only to make each organic being as

perfect as, or slightly more perfect than, the other inhabitants

of the same country with which it has to struggle for?existence.

And we see that this is the degree of perfection attained under
nature. The endemic productions of New Zealand, for in-

stance, are perfect one compared with another
; but they are

now rapidly yielding before the advancing legions of plants

and animals introduced from Europe. Natural selecfion will

not produce absolute perfection, por do we always meet, as

far as we can judge, with this high standard under nature.

The correction for the aberration of light is said, on high

authority, not to be perfect even in that most perfect organ,

the eye. If our reason leads us to admire with enthusiasm

a multitude of inimitable contrivances in nature, this same
reason tells us, though we may easily err on both sides, that

some other contrivances are less perfect. Can w'e consider

the sting of the wasp or of the bee as perfect, which, when
used against many attacking animals, cannot be withdrawn,

owing to the backward serratures, and so inevitably causes the

death of the insect by tearing out its viscera ?

If we look at the sting of the bee, as having originally existed

in a remote progenitor as a boring and serrated instrument,

like that in so many members of the same great order, and
which has been modified but not perfected for its present

purpose, with the poison originally adapted to cause galls

subset!uently intensified, we can perhaps understand how it

is that the use of the sting should so often cause the itisect s*

own death : for if on the whole the power of stinging be use-

ful to the community, it will fulfil all the requirements of

natural selection, though it may cause the death of some few

memu».r5, If we admire the truly wonderful power of scent

by which the males of many insects find their females, can

we admire the production for this single purpose of thousands

of drones, w^hich are utterly useless to the community for any
other end, and which are ultimately slaughtered by their in-

dustrious and sterile sisters ? It may be ditficult, but wq ought

to admire the savage instinctive hatred of the queen-bee, which
urges her instantly to destroy the young queens her daughters

as soon as born, or to perish herself in the combat ;
for un-

doubtedly this is for the good of the community; and maternal

love or maternal hatred, though the latter fortunately is most
rare, is all the same to the inexorable principle of natural

selection. If we admire the several ingenious contrivances,
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by which the flowers of the orchis and of many other plants

are fertilised through insect agency, can we consider as equally

perfect tke elaboration by our fir-trees of dense clouds of

pollen, in order that a few granules may be wafted by a chance
breeze on to the ovules ?

Summary of Chapter.—We hav# in this chapter discussed

some of the difficulties and objections which may be urged
against my theory. Many of them are very grave

;
but I

think that in the discussion light has been thrown on several

facts, which on the theory of Ihdependent acts of creation

are utterly obscure. We have seen that species at any
one period are

,
not indefinitely variable, and are not

linked together by a multitude of intermediate gradations,

partly because the process of natural selection will always

be very slow, and will act, at any one time, only on a very

few forms; and partly because the very process of natural

selection almost implies the continual supplanting and ex-

tinction of preceding and intermediate gradations. Closely

allied species, now living on a continuous area, must often

have, been formed when the area was not continuous, and
when the conditions of life did not insensibly graduate away
from one part to another. When two varieties are formed
in two districts of a continuous area, an intermediate variety

will often be formed, fitted for an intermfcdiate zone
;
but

from reasons assigned, the intermediate variety will usually

exist 'in lesser numbers than the two forms which it connects ;

consequently the tw^o latter, during the course of further modi-
fication, from existing in greater numbers, will have a great ad-

vantage over the less numerous intermediate variety, and will_

thus generally,succeed in supplanting and extermina?^;?gTt.

We have seen in this chapter how cautious we should be
in concluding that the most different habits of life could not

graduate into each other
;

that a bat, for instance, could
not have been formed by natural selection from an animal
which at first could only glide through the air.

We have seen that a species may under new conditions

o^ life change its habits, or have diversified habits, with some
habits very unlike those of its nearest congeners. Hence
we can understand, bearing in mind that each organic being

is trying to live wherever it can live, how it has arisen that

there are upland geese with webbed feet, ground woodpeckers,
diving thrushes, and petrels with the habits of auks.
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Although the belief that an organ so perfect as the eye

could have been formed by natural selection, is more than

enough to stagger any one; yet in the case of a?iy organ,

if we know of a long series of gradations in complexity, each

good for its possessor, then, under changing conditions of

life, there is no logical impossibility in the acquirement of any
conceivable degree of perfection through natural selection.

In the cases in which we know of no intermediate or tran-

sitional states, we should be very cautious in concluding that

none could have existed, for the homologies of many organs and
^heir intermediate states sho\\r that wonderful metamorphoses
i n function are at least possible. For instance, a swim-bladder

has apparently been converted into an air-breathing lung.

‘The same organ having performed simultaneously very different

functions, and then having been specialised for one function ;

and two very distinct organs having performed at the same
time the same function, the one having been perfected whilst

aided by the other, must often have largely facilitated

transitions.

We are far too ignorant, in almost every case, to be enabled

to assert that any f)art or organ is so unimportant for the

welfare of a species, that modifications in its structure could

not have been slowly accumulated by means of natural selection.

hut we may confidently believe that many modifications,

wholly due to tne laws of growth, and at first in no way
advantageous to a species, have been subsequently taken

advantage of by the still further modified descendaffts of

this species. We may, also, believe that a part formerly of

lugh importance has often been retained (as the tail of an

^P’latic animal by its terrestrial descendants), though it has

become <jf such small importance that it could not, in its

present state, have been acquired by natural selection,—

a

j)ower which acts solely by the preservation of profitable

variations in the struggle for life.

Natural selection will produce nothing in one species for

the exclusive good or injury of another
;
though it may well

produce parts, organs, and excretions highly useful or even
indispensable, or highly injurious to another species, but in

a!l cases at the same time useful to the owner. Natural
selection in each well-stocked country, must act chiefly through
the competition of the inhabitants one with another, and
consequently will produce perfection, or strength in the battle

for life, only according to the standard of that country. Hence
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the inhabitants of one country, generally the smaller one,

will often yield, as we see they do yield, to the inhabitants

of another and generally larger country! For in the larger

country there will have existed more individuals, and more
diversified forms, and the competition will have been severer,

and thus the standard of perfection will have been rendered
higher. Natural selection will not necessarily produce absolute

perfection ; nor, as far as we can judge by our limited faculties,

can absolute perfection be^verywhere found.

On the theory of natural selection we can clearly understand
the full meaning of that old canrwi in natural history, “Natura
non facit saltuin.” I'his canon, if we look only to the present

inhabitants of the world, is not strictly correct, but if we
include all those of past times, it must by my theory be
strictly true.

It is generally acknowledged that all organic beings have
been formed on two great laws—Unity of Type, and the

Conditions of ELxistence. By unity of type is meant that

fundamental agreement in structure, which we see in organic

beings of the same class, and which is quite independent of

their. halfits of life. On my theory, unity of type is explained

by unity of descent. The expression of conditions of existence,

so often insisted on by the illustrious Cuvier, is fully embraced
by the principle of natural selection. For natural selection

acts by either now adapting the varying parts of each being
to its organic and inorganic conditions of life

;
or by having

adap*.ed them during long-past periods of time : the adapta-

tions being aided in some cases by use and disuse, being
slightly aflccted by the direct action of the external conditions

of life, and being in all cases subjected to the several laws

of growth. Jlencc, in fact, the law of the Co^diLltTfflSTuT

Existence is the higher law
;

as it includes, through the

inheritance of former adaptations, that of Unity of Type.



CHAPTER ^Vll.

Instinct.

Instincts comparable with habits, but different in their origin— Instincts

graduated—Aphides and ants— Instincts variable—Domestic instincts,

their origin— Natural instincts of the cuckoo, ostrich, and parasitic

bees— Slave-making ants—Hive-bee, its cell-making instinct—
Difficulties on the theory of the Natural Selection of instincts

—

Neuter or sterile insects—Summary.

The subject of instinct might have been worked into the

previous chapters
;
but I have thought that it would be more

convenient to treat the subject separately, especially ps so

wonderful an instinct as that of the hive-bee making its cells

will probably have occurred to many readers, as a difficulty

sufficient to overthrow my whole theory. I must premise, that

I have nothing to do with the origin of the primary mental

powers, any more than I have with that of life itself. We are

concerned only with the diversities of instinct and di the

other mental qualities of animals within the same class.

1 will not attempt any definition of instinct. It would be
easy to show that several distinct mental actions are commonly

•’c:inbnttv.d^/by this term; but every one understands what is

meant, when it is said that instinct impels the cuckoo to
' migrate and to lay her eggs in other birds’ nest. An action,

which we ourselves should require experience to enable us

to perform, when performed by an animal, more especially

by a very young one, without any experience, and when
performed by many individuals in the same way, without their

knowing for what purpose it is performed, is usually said to

be instinct ive. But I could show that none of these characters

of instinct are universal. A little dose, as Pierre Hul)er
expresses it, of judgment or reason, often comes into play,

even in animals very low in the scale of nature.

Frederick Cuvier and several of the older metaphysicians

i66
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have compared instinct with habit. This comparison gives,

I think, a remarkably accurate notion of the frame of mind
under whith an instinctive action is performed, but not of

its origin. How unconsciously many habitual actions are

performed, indeed not rarely in direct opposition to our

conscious will
!

yet they may be modified by the will or

reason. Habits easily become assdbiated with other habits,

and with certain periods of time and states of the body. When
once acquired, they often •remain constant throughout life.

Several other points of resemblance between instincts and
habits could be pointed out. As in repeating a well-known

song, so in instincts, one action follows another by a sort

of riiythm
;

if a person be interrupted in a song, or in

repealing anything by rote, he is generally forced to go back

to recover the habitual train of thought : so P. Huber found

it was with a caterpillar, which makes a very complicated

hammock ;
for if he took a caterpillar which had completed

its hammock up to, say, the sixth stage of construction, and
put it into a hammock completed up only to the third stage,

the caterpillar simply re-performed the fourth, fifth, and sixth

stages -of construction. If, however, a caterpillar were taken

out of a hammock made up, for instance, to the third stage,

and were put into one finished up to the sixth stage, so that

much of its work was already done for it, far from feeling

the benefit of this, it was much embarrQS5e3, and, in order

to complete its hammock, seemed forced to start from the

third Stage, where it had left off, and thus tried to complete
the already finished work.

If we suppose any habitual action to become inherited

—

and I think it can be shown that this does sometimes hr^pHtts^

—then the resemblance between what originally was^ a habit

and an instinct becomes so close as not to be distinguished.

If Mozart, instead of playing the pianoforte at three years

old with wonderfully little practice, had played a tune with

no practice at all, he might truly be said to have done so

instinctively. But it would be the most serious error to

supi)os‘e that the greater number of instincts have been acquired

by habit in one generation, and then transmitted by inheritance

to succeeding generations. It can be clearly shown that the
most wonderful instincts with which we are acquainted, namely,
those of the hive-bee and of many ants, could not possibly

have been thus acquired.

It will be universally admitted that instincts are as important
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as corporeal structure for the welfare of each species, under

its present conditions of life. Under changed conditions of

life, it is at least possible that slight modifications of instinct

might be profitable to a species ; and if it can be shown that

instincts do vaiy ever so little, then I can see no difficulty

in natural selection preserving and continually accumulating

variations of instinct to* any extent that may be profitable.

It is thus, as I believe, that all the most ccynplex and
wonderful instincts have originated. As modifications of

corporeal structure arise from, and are increased by, use or

habit and are diminished' or lost by disuse, so I do not

doubt it has been with instincts. But I believe that the

effects of habit are of quite subordinate importance to the

effects of the natural selection of what may be called accidental

variations of instincts ;—that is of variations produced by
the same unknown causes which produce slight deviations of

bodily structure.

No complex instinct can possibly be produced through

natural selection, except by the slow and gradual accumulation

of numerous, slight, yet profitable, variations. Hence, as in

the case of corporeal structures, we ought to find in ..nature,

not the actual transitional gradations by which each complex
instinct has been acquired—for these could be found only

in the lineal ancestors of each species—but we ought to find

in the collateral lines of descent some evidence of such
gradations

;
or we ought at least to be able to sh«- w that

gradations of some kind are possible
;
and this we Certainly

can do. I have been surprised to find, making allowance

for the instincts of animals having been but little observed
.except in Europe and North America, and for no instinct

TDeuTg^^tnown amongst extinct species, how very generally

gradations, leading to the most complex instincts, can be
discovered. I'he canon of “ Natura non facit saltum ” applies

with almost equal force to instincts as to bodily organs.

Changes of instinct may sometimes be facilitated by the same
species having different instincts at different periods of life,

or at different seasons of the year, or when placed under
different circumstances, &c. ; in which case either one or

the otiier instinct might be preserved by natural selection.

And such instances of diversity of instinct in the same species

can be shown to occur in nature.

Agrin as in the case of corporeal structure, and conformably
with my theory, the instinct of each species is good for itself,



INSTINCT. 169

but has never, as far as we can judge, been produced for the

exclusive good of others. One of the strongest instances of

an animal#apparently performing an action for the sole good
of another, with which I am acquainted, is that of aphides

voluntarily yielding their sweet excretion to ants : that they

do so voluntarily, the following facts show. I removed all the

ants from a group of about a dozen^aphides on a dock-plant,

and prevented their attendance during several hours. After

this interval, I felt sure that^he aphides would want to excrete.

I watched them for some time through a lens, but not one
excreted; I then tickled and stroked them with a hair in

the same manner, as well as I could, as the ants do with their

antennaa
;
but not one excreted. Afterwards I allowed an

ant to visit them, and it immediately seemed, by its eager

way of running about, to be well aware what a rich flock it

had discovered
;

it then began to play with its antennae on
the abdomen first of one aphis and then of another ;

and each
aphis, as soon as it felt the antennee, immediately lifted up
its abdomen and excreted a limpid drop of sw'cet juice, which
was eagerly devoured by the ant. Even the quiet young
aphid^'j behaved in this manner, showing that the action was
instinctive, and not the result of experience. But as the

exerfAion is extremely viscid, it is probably a convenience

to the aphides to have it removed ; and therefore probably

ib^ aphides do not instinctively excrete for the sole good
of the ants. Although I do not believe that any animal in

the wc-'ld performs an action for the exclusive good of another

of a distinct species, yet each species tries to take advantage
of the instincts of others, as each takes advantage of the

weaker bodily structure of others. So again, in some few

cases, certain ^instincts cannot be considered as ail)soluLeiy

perfect
;
but as details on this and other such points are

not indispensable, they may be here passed over.

As some degree of variation in instincts under a state of

nature, and the inheritance of such variations, are indispensable

for the action of natural selection, as many instances as possible

ought to have been here given ; but want of jspace prevents

me. I can only assert, that instincv certainly do vary—for

instance, the migratory instinct, both i.. '*xtent and direction,

and in its total loss. So it is with the ’ts of birds, which
vary partly in dependence on the situatiu chosen, and on
the nature and temperature of the country inhabited, but often

from causes wholly unkiK)wn to us : Audubon has given
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several remarkable cases of differences in nests of the same
species in the northern and southern United States. Fear

of any particular enemy is certainly an instinctive^ quality, as

may be siecn in nestling birds, though it is strengthened by
experience, and by the sight of fear of the same enemy in

other animals. But fear of man is slowly acquired, as I

have elsewhere shown, by various animals inhabiting desert

islands
;
and we may see an instance of this, even int England,

in the greater wildness of all ##ur large birds than of our

small birds ;
for the large birds have been most persecuted

by man. AVe may safely^ attribute the greater wuldness of

our large birds to this cause ; for in uninhabited islands large

birds are not more fearful than small; and the magpie, so

wary in England, is tame in Norway, as is the hooded crow
in Egypt.

That the general disposition of individuals of the same
species, born in a state of nature, is extremely diversified,

can be shown by a multitude of f^acts. Several cases also,

could be given, of occasional and strange habits in certain

species, which might, if advantageous to the species, give

rise, through natural selection, to quite new instincts. I3ut

I am well aware that these general statements, without facts

given in detail, can produce but a feeble effect on the reader’s

mind. I can only repeat my assurance, that 1 do not speak
without good evidence.

The possibility, or even probability, of inherited variations

of instinct in a state of nature will be strengthened bf briefly

considering a few cases under domestication. We shall thus

also be enabled to see the respective parts which habit and
the selection or so-called accidental variations have played
Tn'TPfTodifying the mental qualities of our domestic animals.

A number of curious and authentic instances could be given
of the inheritance of all shades of disposition and tastes, and
likewise of the oddest tricks, associated with certain frames
of mind or periods of time. But let us look to the familiar

case of the several breeds of dogs : it cannot be doubted that

young pointers (I have myself seen a striking instance) will

sometimes point and even back other dogs the very first time
that they are taken out

;
retrieving is certainly in some degree

inherited by retrievers
; and a tendency to run round, instead

of at, a flock of sheep, by shepherd-dogs. I cannot see that
these actions, performed without experience by the young,
and in nearly the same manner by each individual, performed
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with eager delight by each breed, and without the end being

known,—for the young pointer can no more know that he
points to aid his master, than the white butterfly knows why
she lays her eggs on the leaf of the cabbage,—I capnot see

that these actions differ essentially from true instincts. If

we w’ere to see one kind of wolf, when young and without

any training, as soon as it scented its* prey, stand motionless

like a statue, and then slowly crawl forward w'ith a peculiar

gait; and another kind of wolf rushing round, instead of

at, a herd of deer, and driving them to a distant point, we
should assuredly call these action? instinctive. Domestic
instincts, as they may be calhd, are certainly far less fixed

or invariable than natural instincts; but they have been
acted on by far less rigorous selection, and have been trans-

mitted for an incomparably shorter period, under less fixed

conditions of life.

How strongly these domestic instincts, habits, and dis-

positions are inherited, and how curiously they become
mingled, is well shown when different breeds of dogs are

crossed. Thus it is known that a cross with a bull-dog has
affected for many generations the courage and o])Stinacy of

greyhounds ;
and a cross with a greyhound has given to a

whole family of shepherd-dogs a tendency to hunt hares.

These domestic instincts, when thus tested by crossing,

resemble natural instincts, which in a like manner become
curiously blended together, and for a long period exhibit

traces of die instincts of either parent ; for example, Le Roy
describes a dog, whose great-grandfather was a wolf, and this

dog show^ed a trace of its wild parentage only in one way,

by not coming in a straight line to his master when called.

Domestic instincts are sometimes spoken of as ^tions
which have become inherited solely from long-continued and
compulsory habit, but this, I think, is not true. No one
would ever have thought of teaching, or probably could have
taught, the tumbler-pigeon to tumble,—an action ^hich, as

I have witnessed, is performed by young birds, that have
never seen a pigeon tumble. Wc may believe that some one
pigeon showed a slight tendency to this strange habit, and
that the long-continued selection of the best individuals in

successive generations made tumblers what they now are;
and near Glasgow there are house-tumblers, as I hear from

^

Mr. Brent, which cannot fly eighteen inches high without

I

going head over heels. It may be doubted whether any one
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would have thought of training a dog to point, had not some
one dog naturally shown a tendency in this line

;
and this

is known occasionally to happen, as I once s»w in a pure

terrier. When the first tendency wms once displayed,

methodical selection and the inherited effects of compulsory

training in each successive generation would soon complete
the work

;
and unconscious selection is still at work, as each

man tries to procure, without intending to improve^ the breed,

dogs which will stand and hunt best. On the other hand, habit

alone in some cases has sufficed ; no animal is more difficult

to tame than the young of the wild rabbit
;
scarcely any animal

is lamer than the young of the tame rabbit; but I do not

suppose that domestic rabbits have ever been selected for

tameness; and I presume that we must attribute the whole
of the inherited change from extreme wildness to extreme

tameness, simply to habit and long-continued close confinement.

Natural instincts are lost under domestication : a remark-

able instance of this is seen in those breeds of fowls which
very rarely or never l)ecome “ broody,” that is, never wish

to sit on their eggs. Familiarity alone prevents our seeing

how universally and largely the minds of our domestic animals

have been modified by domestication. It is scarcely possible

to doubt that the love of man has become instinctive in the

dog. All w^olves, foxes, jackals, and species of the cat genus,

when kept tame, are most eager to attack poultry, sheep, and
pigs ;

and this tendency has been found incurable in dogs
which have been brought home as puppies from ^jountries,

such as Tierra del Fuego and Australia, where the savages

do not keep these domestic animals. How rarely, on the

-ij^Jier hand, do our civilised dogs, even when quite young,

requii^e to be taught not to attack poultry,, sheep, and pigs I

No doubt they occasionally do make an attack, and are then

beaten
;
and if not cured, they are destroyed

;
so that habit,

with some degree of selection, has probably concurred in

civilising By inheritance our dogs. On the other hand, young
chickens have lost, wholly by habit, that fear of the dog and
cat which no doubt was originally instinctive in them, in the

same way as it is so plainly instinctive in young pheasants,

though reared under a hen. It is not that chickens have
lost all fear, but fear only of dogs and cats, for if the hen
gives the danger-chuckle, they will run (more especially young
turkeys) from under her, and conceal themselves in the
«;urrouiiding grass or thickets ; and this is evidently done for
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the instinctive purpose of allowing, as we see in wild ground-

birds, their mother to fly away. But this instinct retained by
our chicken^’has become useless under domestication, for the

mother-hen has almost lost by disuse the power of flight.

Hence, we may conclude, that domestic instincts have been
acquired and natural instincts have been lost partly by habit,

and partly by man selecting and accumulating during successive

generations, peculiar mental habits and actions, which at first

appeared from what we must M our ignorance call an accident.

In some cases compulsory habit alone has sufficed to produce

such inherited mental changes
;

in* other cases compulsory

habit has done nothing, and all has been the result of

selection, pursued both methodically and unconsciously
; but

in most cases, probably, habit and selection have acted

together.

We shall, -perhaps, best understand how instincts in a state

of nature have become modified by selection, by considering

a few cases. I will select only three, out of the several which
I shall have to discuss in my future work,—namely, the

instinct which leads the cuckoo to lay her eggs in other birds’

nests
;

the .slave-making iastinct of certain ants
;
and the

comb-making i)Ower of the hive-bee : these two latter instincts

have generally, and most justly, been ranked by naturalists

as the most wonderful of all known instincts.

It is now commonly admitted that the more immediate and
final cause of the cuckoo’s instinct is, that she lays her eggs,

not daily, but at intervals of two or three days
; so that, if

she were to make her own nest and sit on her own eggs, those

first laid would have to be left for some time unincubated,

or there would be eggs and young birds of different ages in

the same nest. If this w'ere the case, the process of laying

and hatching might be inconveniently long, more especially

as she has to migrate at a very early period
; and the first

hatched young would probably have to be fed by the male
alone. But the American cuckoo is in this predicament

;
for

she makes her own nest and has eggs and young successively

hatched, all at the same time. It has been asserted that the

American cuckoo occasionally lays her eggs in other birds’

nests
; but I hear on the high authority of Dr. Brewer, that

this is a mistake. Nevertheless, I could give several instances

of various birds which have been known occasionally to lay

their eggs in other birds’ nests. Now let us suppose that the

ancient progenitor of our European cuckoo had the habits of
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the American cuckoo
;
but that occasionally she laid an egg

in another bird’s nest. If the old bird profited by this

occasional habit, or if the young were made iflore vigorous

by advantage having been taken of the mistaken maternal

instinct of another bird, than by their own mother’s care,

encumbered as she can hardly fail to be by having eggs and
young of different agej* at the same time

; then the old birds

or the fostered young would gain an advantage. And analogy

would lead me to believe, that* the young thus reared would
be apt to follow by inheritance the occasional and aberrant

habit of their mother, aiW in their turn would be apt to lay

their eggs in other birds’ nests, and thus be successful in

rearing their young. By a continued process of this nature,

I believe that the strange instinct of our cuckoo could be, and
has been, generated. I may add that, according to Dr. Gray
and to some other observers, the European cuckoo has not

utterly lost all maternal love and care for her own offspring.

The occasional habit of birds laying their eggs in other

birds’ nests, either of the same or of a distinct species, is not

very uncommon with the Gallinacece; and this perhaps

explains the origin of a singular instinct in the allied group
of ostriches. For several hen ostriches, at least in the case

of the American species, unite and lay first a few eggs in one
nest and then in another; and these are hatched by the

males. This ‘"instinct may probably be accounted for by the

fact of the hens laying a large number of eggs ; but, as in

the case of the cuckoo, at intervals of two or tR'ree days.

This instinct, however, of the American ostrich has not as

yet been perfected
;

for a surprising number of eggs lie

^rewed over the plains, so that in one day’s hunting I picked

up nd less than twenty lost and wasted eggs.

Many bees are parasitic, and always lay their eggs in the

nests of bees of other kinds. This case is more remarkable
than that of the cuckoo ; for these bees have not only their

instincts but their structure modified in accordance with their

parasitic habits
;
for they do not possess the pollen-collecting

apparatus which would be necessary if they had to store food
for their own young. Some species, likewise, of Sphegidae
(wasp-like insects) are parasitic on other species

; and M. Fabre
has lately shown good reason for believing that although the

Tachytes nigra generally makes its own burrow and stores

it with paralysed prey for its own larvae to feed on, yet that

whfen tnis insect finds a burrow already made and stored by
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another sphex, it takes advantage of the prize, and becomes
for the occasion parasitic. In this case, as with the supposed

case of the c»ckoo, I can see no difficulty in natural selection

making an occasional habit permanent, if of advantage to the

species, and if the insect whose nest and stored food are thus

feloniously appropriated, be not thus exterminated.

•

Slave-making instinct.—This remarkable instinct was first

discovered in the Formica (folyerges) rufescens by Pierre

Huber, a better observer even than his celebrated father.

This ant is absolutely dependent on^ils slaves
;
w^ithout their

aid, the species would certainly become extinct in a single

year. The males and fertile females do no work. The
workers or sterile females, though most energetic and courageous

in capturing slaves, do no other work. They are incapable of

making their own nests, or of feeding their own larvae. When
the old nest is found inconvenient, and they have to migrate,

it is the slaves which determine the migration, and actually

carry their masters in their jaws. So utterly helpless are the

masters, that when Huber shut up thirty of them without a

slave, but^ with plenty' of the food which they like best, and
wnth their larvae and pupae to stimulate them to w'ork, they did

nothing; they could not even feed themselves, and many
perished of hunger. Huber then introduced a single slave

(F. fusca), and she instantly set to w'ork, fed and saved the

survivors; made some cells and tended the larvae, and put

all to rigsits. What can be more extraordinary than these

well-ascertained facts? If we had not known of any other

slave-making ant, it would have been hopeless to have
speculated how^ so wonderful an instinct could have been
perfected.

,

•

Formica sanguinea was likevvise first discovered by P. Huber
to be a slave-making ant. This species is found in the

southern parts of England, and its habits have been attended

to by Mr. F. Smith, of the British Museum, to whom I am
much indebted for information on this and other subjects.

Although fully trusting to the statements of Huber and
Mr. Smith, 1 tried to approach the subject in a sceptical

frame of mind, as aAy one may well be excused for doubting
the truth of so extraordinary and odious an instinct as that

of making slaves. Hence I will give the observations which
I have myself made, in some little detail. I opened fourteen

nests of F. sanguinea, and found a few slaves in all. !Males
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and fertile females of the slave-species are found only in

own proper communities, and have never been observ
the nests of F. sanguinea. The slaves are Hack anc
above half the size of their red masters, so that the coi

in their appearance is very great. When the nest is sh

disturbed, the slaves occasionally come out, and like

masters are much agitated and defend the nest : wher
nest is much disturbed and the larvae and pupce are exp
the slaves work energetically ^yith their masters in car

them away to a place of safety. Hence, it is clear, tha

slaves feel quite at home. During the months of Junt

J uly, on three successive years, I have watched for many .

several nests in Surrey and Sussex, and never saw a
eitlier leave or enter a nest. As, during these months
slaves are very few in number, I thought that they i

behave differently when more numerous; but Mr. Smil
forms me that he has watched the nests at various hours d
May, June and August, both in Surrey and Hampshire
has never seen the slaves, though present in large numl>
August, either leave or enter the nest. Hence he coni

them as strictly household slaves. The masters, on^ the

hand, may be constantly seen bringing in materials fo

nest, and food of all kinds. During the present year, how
in the month of July, I came across a community wit

unusually large stock of slaves, and I observed a few s

mingled with their masters leaving the nest, and man
along the same road to a tall Scotch fir-tree, twenty five

distant, which they ascended together, probably in searc

aphides or cocci. According to Huber, who had ample o
lunities for observation, in Switzerland the slaves habit

^^.'orkr with their masters in making the nests, and they ;

open and close the doors in the morning and evening

;

as Huber expressly states, their principal office is to s<

for aphides. This difference in the usual habits of the m:
and slaves in the two countries, probably depends mere
the slaves being captured in greater numbers in Switze

than in England.
One day 1 fortunately chanced to witness a migration

one nest to another, and it was a most interesting spec

to l^ehold the masters carefully carrying, as Huber ha.

scribed, c'heir slaves in their jaws. Another day my atte.

was struck l^y about a score of the slave-makers hau
the same spot, and evidently not in search of food;
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pproached and were vigorously repulsed by an independent
ommunity of the slave species (F. fusca)

; sometimes as

lany as three of these ants clinging to the legs of the slavc-

laking F. sanguinea. The latter ruthlessly killed their small

pponents, and carried their dead bodies as food to their nest,

wenty-nine yards distant ; but they were prevented from
etting any pupae to rear as slavejft I then dug up a small

)arccl of the pupae of F. fusca from another nest, and put
hem down on a bare sp^ near the place of comb:it ; they
srere eagerly seized, and carried off by the tyrants, who perhaps
ancied that, after all, they had f)een victorious in their late

ombat.
At the same time I laid on the same place a small parcel

•f the pupte of another species, F. flava, with a few of these

ittle 5"ell()w ants still clinging to the fragments of the nest,

.'his species is sometimes, though rarely, made into slaves,

s ' has been described by Mr. Smith. Although so small a

pecies, it is very courageous, and I have seen it ferociously

ttack other ants. In one instance 1 found to my surprise

n independent community of F. flava under a stone beneath
nest of the slave-making F. sanguinea

;
and when I had

ccidentally disturbed both nests, the little ants attacked their

ig neighl)Ours with surprising courage. Now I was curious

0 ascertain whether F. sanguinea could distinguish the pupae

f F. fusca, which they habitually make into Slaves, from those

f the little and furious F. flava, which they rarely capture,

ad itr’ was evident that they did at once distinguish them

:

)r we have seen that they eagerly and instantly seized the

ipx of F. fusca, whereas they were much terrified when
.ey came across the piijne, or even the earth from the nest

F. flava, and quickly ran away
;
but in about a quarter of

i hour, shortly after all the little yellow ants had crawled
vay, they took heart and carried off the pupae.

One evening I visited another community of F. sanguinea,

d found a number of these ants entering their nest, carrying

s dead bodies of F. fusca (showing that it was not a
gration) and numerous pupae. I traced the returning file

.rthened with booty, for about forty yards, to a very thick

unp of heath, whence I saw the last individual of F. sanguinea
erge, carrying a pupa ; but I was not able to find the

jolated nest in the thick heath. The nest, however, must
‘ /e been close at hand, for two or three individuals of

fusca were rushing about in the greatest agitation, a^d one

12
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was perched motionless with its own pupa in its mouth on
the top of a spray of heath over its ravaged home.

Such are the facts, though they did not need confirmation

by me, in regard to the wonderful instinct of making slaves.

Let it be observed what a contrast the instinctive habits of

F. sanguinca present with those of the F. riifcscens. The
latter does not build its own nest, does not determine its own
migrations, does not collect food for itself or its yoigng, and
cannot even feed itself : it is absolutely dependent on its

numerous slaves. Formica sanguinca, on the other hand,

possesses much fewer slaves, and in the early part of the

summer extremely few. The masters determine when and
where a new nest shall be formed, and when they migrate,

the masters carry the slaves. Both in Switzerland and
England the slaves seem to have the exclusive care of the

larvte, and the masters alone go on slave-making expeditions.

In Switzerland the slaves and masters work together, making
and bringing materials for the nest : both, but chiefly the

slaves, tend, and milk as it may be called, their aphides
;
and

thus both collect food for the community. In England the

masters alone usually leave the nest to collect building materials

and food for themselves, their slaves and larvae. So that the

masters in this country receive much less service from theii

slaves than they do in Switzerland.

By what steps the instinct of F. sanguinca originated 1 will

not pretend to conjecture. But as ants, which are not slave-

makers, will, as I have seen, carry off pupae of other apecies,

if scattered near their nests, it is possible that pupae originally

stored as food might become developed; and the ants thus

unintentionally reared would then follow their proper instincts,

dn5 do* what work they could. If their presence proved

useful to the species which had seized them—if it were more
advantageous to this species to capture workers than to

procreate them—the habit of collecting pupae originally for

food might by natural selection be strengthened and rendered

permanent for the very different purpose of raising slaves.

When the instinct was once acquired, if carried out to a much
less extent even than in our British F. sanguinca, which, as we
have seen, is less aided by its slaves than the same species in

Switzerland, I can see no difficulty in natural selection increasing

and modifying the instinct—always supposing each modification

to be o^ use to the species—until an ant was formed as

abjectly dependent on its slaves as is the Formica rufc.scens.
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Cell-ntaking instinct of the Hive-Bce ,—I will not here enter

on minute details on this subject, but will merely give an
outline of ttc conclusions at which I have arrived. He must
be a dull man who can examine the exquisite structure of a

comb, so beautifully adapted to its end, without enthusiastic

admiration. We hear from mathematicians that bees have
practically solved a recondite problem, and have made their

cells of the proper shape to hold the greatest possible amount
of honey, with the least posKible consumption of precious wax
in their construction. It has been remarked that a skilful

workman, with fitting tools and lifcasures, would find it very

difficult to make cells of wax of the true form, though this

is perfectly effected by a crowd of bees working in a dark hive.

Grant whatever instincts you please, and it seems at first quite

inconceivable how they can make all the necessary angles and
planes, or even ])erccive when they are correctly made. But
the difficulty is not nearly so great as it at first appears : all

this beautiful work can be shown, I think, to follow from a

few very simple instincts.

I was led to investigate this subject by Mr. Waterhouse,
who luis shown that the form of the cell stands in close

relation to the presence of adjoining cells
;
and the following

view may, perhaps, be considered only as a modification of

his theory. Let us look to the great principle of gradation,

and see whether Nature does not reveal tef us her method
of work. At one end of a short series we have humble-bees,

which use their old cocoons to hold honey, sometimes adding
to them short tubes of wax, and likewise making separate and
very irregular rounded cells of wax. At the other end of the

series we have the cells of the hive-bee, placed in a doul)le

layer : each cell, as is well known, is an hexagonal prf^jm, w^ith

the basal edges of its six sides bevelled so as to join on
to a pyramid, formed of three rhombs. These rhombs have
certain angles, and the three which form the pyramidal base

of a single cell on one side of the comb, enter into the com-
position of the basis of three adjoining cells on the opposite

side. In the series between the extreme perfection of the

cells of the hive-bee and the simplicity of those of the humble-
bee, w-e have the cells of the Mexican Melipona domestica,

carefully described and figured by Pierre Huber. The
Melipona itself is intermediate in structure between the hive

and humble bee, but more nearly related to the later : it forms

a nearly regular waxen comb of cylindrical cells, in which the
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young are hatched, and, in addition, some large cells of wax
for holding honey. These latter cells are nearly spherical and
of nearly equal sizes, and are aggregated into anirregfllar mass.

But the important point to notice, is that these cells are always

made at that degree of nearness to each other, that they would
have intersected or broken into each other, if the spheres had
been completed

;
but this ‘r> never permitted, the bees building

perfectly flat walls of wax between the spheres which thus

tend to intersect. Hence each <uell consists of an outer

spherical portion and of two, three, or more perfectly flat

surfaces, according as the fcell adjoins two, three, or more
other cells. When one cell comes into contact with three

other cells, which, from the spheres being nearly of the same
size, is very frequently and necessarily the case, the three flat

surfaces are united into a pyramid; and this pyramid, as

Huber has remarked, is manifestly a gross imitation of the

three-sided pyramidal basis of the cell of the hive-bee. As
in the cells of the hive-bee, so here, the three plane surfaces

in any one cell necessarily enter into the construction of three

adjoining cells. It is obvious that the Melipona saves wax by
this manner of building

;
for the flat walls between the adjoin-

ing cells are not double, hut are of the same thickness as the

outer spherical portions, and yet each flat portion forms a

part of two cells.

Reflecting on this case, it occurred to me that if the

Melipona had made its spheres at some given distance from
each other, and had made them of equal sizes anil had
arranged them symmetrically in a double layer, the resulting

structure would probably have been as perfect as the corn!)

of the hive-bee. Accordingly I wrote to Professor Miller, of

Calnbrid^e, and this geometer has kindly read ever the follow-

ing statement, drawn up from his information, and tells rnc

that it is strictly correct :

—

If a number of equal spheres be described with their centres

placed in two parallel layers ; with the centre of each sphere

at the distance of radius x 2, or radius x i‘4i42i (or

at some lesser distance), from the centres of the six surround-
ing spheres in the same layer; and at the same distance from
the centres of the adjoining spheres in the other and parallel

layer; then, if planes of intersection between the several

spheres in both layers be formed, there will result a double
layer of hexagonal prisms united together by pyramidal bases

foimed of three rhombs
;
and the rhombs and the sides of
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the hexagonal prisms will have every angle identically the

same with the best measurements which have been made of

the cells the hive-bee.

Hence we may safely conclude that if we could slightly

modify the instincts already possessed by the Melipona, and
in themselves not very wonderful, this bee would make a

structure as wonderfully perfect as that of the hive-bee. We
must suppose the Melipona to make her cells truly spherical,

and of equal sizes
;
and ^lis would not be very surprising,

seeing that she already does so to a certain extent, and
seeing what perfectly cylindrical burrows in wood many
insects can make, apparently by turning round on a fixed

point. We must suppose the Melipona to arrange her cells

in level layers, as she already does her cylindrical cells
; and

w'e must further suppose, and this is the greatest difficulty,

that she can somehow judge accurately at what distance to

stand from her fellow-labourers when several are making their

sphe.es ;
but she is already so far enabled to judge of distance,

that she always describes her spheres so as to intersect largely;

and then she unites the points of intersection by perfectly

Hat surfaces. We have further to suppose, but this is no
(lilhcufty, that after hexagonal prisms have been formed by
the intersection of adjoining spheres in the same layer, she

can prolong the hexagon to any length requisite to hold the

stock of honey
;

in the same way as the rude humble-bee
adds cylinders of wax to the circular mouths of her old

cocoors. By such modifications of instincts in themselves

not very wonderful,—hardly more wonderful than those which
guide a bird to make its nest,—I believe that the hive-bee

has acquired, through natural selection, her inimitable archi-

tectural powers. •

But this theory can be "tested by experiment. Following

the example of Mr. 'regetmeier, I separated two combs, and
put between them a long, thick, square strip of wax : the bees

instantly began to excavate minute circular pits in it; and
as they deepened these little pits, they made them w’ider

and wider until they were coi^^verted into shallow basins,

appearing to the eye perfectly true or parts of a sphere,

and of about the diameter of a cell. It was most interesting

to me to observe that wherever several bees had begun to

excavate these basins near together, they had begun their

work at such a distance from each other, that by the time

the basins had acquired the above stated width {t.e> about
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the width of an ordinary cell), and were in depth about one
sixth of the diameter of the sphere of which they formed a

part, the rims of the basins intersected or broke dnto each

other. As soon as this occurred, the bees ceased to excavate

and began to build up flat walls of wax on the lines of

intersection between the basins, so that each hexagonal prism

was built upon the festooned edge of a smootli basin, instead

of on the straight edges of a three-sided pyramid aj; in the

case of ordinary cells.

I then put into the hive, instead of a thick, square piece of

wax, a thin and narrow, knife-edged ridge, coloured with

vermilion. 'J’he bees instantly began on both sides to excavate

little basins near to each other, in the same way as before

;

l)ut the ridge of wax was so thin, that the bottoms of the

basins, if they had been excavated to the same de[)th as in

the former experiment, would have broken into each other

from the opposite sides. The bees, however, did not suffer

this to hapiien, and they stopped their excavations in due
time; so that the basins, as soon as they had been a little

deepened, came to have fiat bottoms ;
and tliese flat bottoms,

formed by thin little plates of the vermilion wax having been
left ungnawed, were situated, as far as the eye could judge,

exactly along the planes of imaginary intersection between the

basins on the opposite sides of the ridge of wax. In parts,

only little bits, in other parts, large portions of a rhombic
plate had been left between the opposed basins, but the work,

from the unnatural state of things, had not been neatly per-

formed. The bees must have worked at very nearly the same
rate on the opposite sides of the ridge of vermilion wax, as

they circularly gnawed away and deei)encd the basins on both
sides, in order to have succeeded in thus leaving flat plates

between the basins, by stopping woik along the intermediate

planes or planes of intersection.

Considering how flexible thin wax is, I do not sec that

there is any difficulty in the bees, whilst at work on the two
sides of a strip of wax, perceiving when they have gnawed the

wax away to the proper thipness, and then stopping their

work. In ordinary combs it has appeared to me that the

bees do nc.t always succeed in working at exactly the same
rate from the oi)posite sides ; for I have noticed half-completed

rhombs at the base of a just-commenced cell, which were
slightly concave on one side, where I suppose that the bees

had exca\aled too quickly, and convex on the opposed side,
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where the bees had worked less quickly. In one well-marked

instance, I put the comb back into the hive, and allowed the

bees to gft on working for a short time, and again examined
the cell, and I found that the rhombic plate had been com-
pleted, and had become perfectly flat: it was absolutely

impossil)le, from the extreme thinness of the little rhombic
plate, that they could have effected# this by gnawing away the

convex side
;
and I suspect that the bees in such cases stand

in the opposed cells and piish and bend the ductile and w^arm

wax (which as I have tried is easily done) into its proper inter-

mediate plane, and thus flatten it.®

From the experiment of the ridge of vermilion wax, we can
clearly see that if the bees were to build for themselves a thin

wall of wax, they could make their cells of the proper shape,

by standing at the proper distance from each other, by ex-

cavating at the same rate, and by endeavouring to make ecjual

spherical hollow’^s, but never allowing the spheres to break into

each other. Now^ bees, as may be clearly seen by examining
the edge of a growing comb, do make a rough, circumferential

wall or rim all round the comb ; and they gnaw into this from
the opj^osite sides, always working circularly as they deepen
each cell. 'They do not make the whole three-sided pyramidal
base of any one cell at the same time, but only the one rhombic
plate which stands on the extreme growing margin, or the two
plates, as the case may be ; and they never ccJinplete the upper
edges of the rhombic plates, until the hexagonal Avails are

comiiVenced. Some of these statements differ from those made
by the justly celebrated elder Huber, but I am convinced of

their accuracy
;
afid if I had space, I could show that they

are conformable with my theory.

Huber’s statement that Jthe very first cell is excavated out
of a little parallel-sided wall of wax, is not, as far as I have
seen, strictly correct; the first commencement having always

been a little hood of wax ; but I will not here enter on these
details. We see how important a part exeaxation plays in

the construction of the cells; but it would be a great error

to suppose that the bees cannot build up a rough wall of w'ax

in the proper position—that is, along the plane of intersection

between two adjoining spheres. 1 have several specimens
showing clearly that they can do this. Even in the rude
circumferential rim or wall of wax round a growing comb,
flexures may sometimes be observed, corresponding in position

to the planes of the rhombic basal plates of future cells. But
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the rough wall of wax has in every case to be finished off,

by being largely gnawed away on both sides. The manner
in which the bees build is curious; they alway# make the

first rough wall from ten to twenty times thicker than the

excessively thin finished wall of the cell, which will ultimately

be left. We shall understand how they work, by supposing

masons first to pile up a bioad ridge of cement, and then to

begin cutting it away equally on both sides near th^ ground,

till a smooth, very thin wall is left in the middle
;
the masons

always piling up the cut-away cement, and adding fresh

cement, on the summit of‘the ridge. We shall thus have a

thin w^all steadily growing upward ; but always crowned by a

gigantic coping. From all the cells, both tho.se just commenced
and those completed, being thus crowned by a strong coping

of wax, the bees can cluster and crawl over the comb without

injuring the delicate hexagonal walls, w’hich are only about

one four-hundredth of an inch in thickness; the plates of

the pyramidal basis being about twice as thick. By this

singular manner of building, strength is continually given to

the comb, with the utmost ultimate economy of wax.

It seems at first to add to the difficulty of understanding how
the cells are made, that a multitude of bees all work together

;

one bee after working a short time at one cell going to another,

so that, as Huber has stated, a score of individuals work even

at the commencement of the first cell. I w^as able practically

to show this fact, by covering the edges of the hexagonal walls

of a single cell, or the extreme margin of the circumferential

rim of a growling comb, with an extremely thin layer of melted

vermilion w’ax; and 1 invariably found that the colour w'as

most delicately diffused by the bees—as delicately as a painter

could have done wuth his brush—by atoms, of the coloured

wax having been taken from the spot on wdiich it had been
placed, and w'orked into the growing edges of the cells all

lound. "1 he work of construction seems to be a sort of balance

struck between many bees, all instinctively standing at the

same relative distance from each other, all trying to sweep
equal spheres, and then building up, or leaving ungnawed, the

planes of intersection beUveen these spheres. It w^as really

curious to note in cases of difficulty, as when two pieces of

comb met at an angle, how often the bees would entirely

pull down and rebuild in different w'ays the same cell, some-

times recurring to a shape which they had at first rejected.

When bees have a place on which they can stand in their
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proper positions for working,—for instance, on a slip of wood,
placed directly under the middle of a comb growing down-
wards so tltat the comb has to be built over one face of the

slip—in this case the bees can lay the foundations of one
wall of a new hexagon, in its strictly proper place, projecting

beyond the other completed cells. It suffices that the bees

should be enabled to stand at their»proper relative distances

from each other and from the walls of the last completed cells,

and then, by striking imaginary spheres, they can build up a

wall intermediate between two adjoining spheres
;
but, as far as

I have seen, they never gnaw away^and finish off the angles of

a cell til! a large part both of that cell and of the adjoining

cells has been built. This capacity in bees of laying down
under certain circumstances a rough wall in its proper place

between two just-commenced cells, is important, as it bears

on a fact, which seems at first quite subversive of the fore-

going theory
;
namely, that the cells on the extreme margin

of wasp-combs are sometimes strickly hexagonal
;

but I

have not space here to enter on this subject. Nor does there

seem to me any great difficulty in a single insect (as in the

case of. a queen -wasp) making hexagonal cells, if she work
aliernately on the inside and outside of two or three cells

commenced at the same time, always standing at the proper

relative distance from the parts of the cells just begun,

sweeping spheres or cylinders, and building ^lp intermediate

planes. It is even conceivable that an insect might, by
fixing On a point at which to commence a cell, and then
moving outside, first to one point, and then to five other

])oints, at the proptr relative distances from the central point

and from each other, strike the planes of inteisection, and so

make an isolated hexagon :^but I am not aware thafSny such
case has been observed ;

nor w'ould any good be derived

from a single hexagon being built, as in its construction more
materials would be required than for a cylinder.

As natural selection acts only by the accumulation of slight

modifications of structure or instinct, each profitable to the

individual under its conditions of life, it may reasonably be
asked, how a long and graduated succession of modified
architectural instincts, all tending towards the present perfect

plan of construction, could have profiled the progenitors

of the hive-bee? I think the answer is not difficult: it is

known that bees are often hard pressed to get sufficient

nectar
;
and I am informed by Mr. Tegetmeier that it has
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been experimentally found that no less than from twelve to

fifteen pounds of dry sugar are consumed by a hive of bees
for the secretion of each pound of wax ; so that L prodigious

quantity of fluid nectar must be collected and consumed
l)y the bees in a hive for the secretion of the wax necessary

for the construction of their combs. Moreover, many bees

have to remain idle f^r many days during the process of

secretion. A large store of honey is indispensable t to support
a large stock of bees during tfie winter

; and the security

of the hive is known mainly to depend on a large number
of bees being supported. Hence the saving of wax by
largely saving honey must be a most important element of

success in any family of bees. Df course the success of

any species of bee may be dependent on the number of its

parasites or other enemies, or on quite distinct causes, and
so be altogether independent of the quantity of honey which
the bees could collect. But let us suppose that this latter

circumstance determined, as it probably often does determine,

the numbers of a humble-bee which could exist in a country

;

and let us further suppose that the community lived through-

out the winter, and consequently required a store of honey

:

there can in this case be no doubt that it would be an
advantage to our humble-bee, if a slight modification of her

instinct led her to make her waxen cells near together, so

as to intersect* a little
;
for a wall in common even to two

adjoining cells, would save some little wax. Hence it would
continually be more and more advantageous to our •humble-
bee, if she were to make her cells more and more regular,

nearer together, and aggregated into a mass, like the cells

of the Melipona
;
for in this case a large part of the bounding

surface* of each cell would serve to bound, other cells, and
much wax would be saved. Again, from the same course,

it would be advantageous to the Melipona, if she were to

make her cells closer together, and more regular in every

way than at present ; for then, as we have seen, the spherical

surfaces would wholly disappear, and would all be replaeed

by plane surfaces ; and the Melipona would make a comb
as perfect as that of the hive-bee. Beyond this stage of

perfection in architecture, natural selection could not lead

;

for the comb of the hive-bee, as far as we can see, is

absolutely perfect in economising wax.

Thus, as I bf^lieve, the most wonderful of all known
instincts, that of the hive-bee, can be explained by natural
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selection having taken advantage of numerous, successive,

slight 11 odilications of simpler instincts; natural selection

having by ailow degrees, more and more perfectly, led the

bees to sweep equal spheres at a given distance from each

other in a double layer, and to build up and excavate the

wax along the planes of intersection. The bees, of course,

no more knowing that they swept
^
their spheres at one

pani(‘ular distance from each other, than they know what
are the several angles of th|i hexagonal prisms and of the

basal rhombic ]»lates. The motive power of the process

of natural selection having been* economy of w\ax ;
tha^

individual swarm which \vasted least honey in the secretion

of wax, having succeeded best, and having transmitted by
inheritance its newly acquired economical instinct to new
swarms, which in their turn will have had the best chance
of succeeding in the struggle for existence.

No doubt many instincts of very difficult explanation

could be opposed to the theory of natural selection,—cases,

in which we cannot see how an instinct could possibly have
originated; cases, in which no intermediate gradations are

known to exist
;
cases of instinct of apparently such trifling

importance, that they could hardly have been acted on by
natural selection

;
cases of instincts almost identically the

same in animals so remote in the scale of nature, that we
cannot account for their similarity by inheritance from a

common i)arent, and must therefore believe that they have
been acquired by independent acts of natural selection.

I will not here enteifc on these several cases, but will confine

myself to one special difficulty, which at first appeared to

me insuperable, and actually fatal to my whole theory. I

allude to the neuters or sterile females in insect-communities

:

for these neuters often differ widely in instinct and in structure

from both the males and fertile females, and yet, from being

sterile, they cannot proi)agate Uieir kind.

The subject w^ell dc.serves to be discussed at great length,

but I will here take only a single case, that of w^orking or

sterile ants. How the workers have been rendered sterile

is a difficulty
;
but not much greater than that of any other

striking modification of structure
;
for it can be shown that

some insects and other articulate animals in a state of

nature occasionally become sterile; and if such insects

had been social, and it had been profitable to the



1 88 ON THE ORIGIN OF SPECIES.

community that a number should have been annually

born capable of work, but incapable of procreation, I can
see no very great difficulty in this being effected by natural

selection. Put I must pass over this preliminary difficulty.

The great difficulty lies in the working ants diffeting widely

from both the males and the fertile females in structure,

as in the shape of the thorax and in being destitute of wings
and sometimes of eyes, and in instinct. As far, as instinct

alone is concerned, the prodigioiis difference in this respect

between the workers and the perfect females, would have
been far better exemplified by the hive-bee. If a w'orking

ant or other neuter insect had been an animal in the ordinary

state, I should have unhesitatingly assumed that all its

characters had been slowly acquired through natural selection
;

namely, by an individual having been born with some slight

profitable modification of structure, this being inherited by
its offspring, which again varied and were again selected, and
so onwards. But with the working ant we have an insect

differing greatly from its parents, yet absolutely sterile; so

that it could never have transmitted successively acquired

modifications of structure or instinct to its progeny.
,
It may

well be asked how is it possible to reconcile this case with the

theory of natural selection ?

First, let it be remembered that we have innumerable
instances, both in our domestic productions and in those in

a state of nature, of all sorts of differences of structure which
have become correlated to certain ages, and to either sex.

We have differences correlated not only to one sex, but to

that short period alone when the reproductive system is active,

as in the nuptial plumage of many birds, and in the hooked
jaws of the male salmon. We have even ^slight differences

in the horns of different breeds of cattle in relation to an
artificially imperfect state of the male sex

;
for oxen of certain

breeds have longer horns than in other breeds, in comparison
with the horns of the bulls or cows of these same breeds.

Hence I can see no real difficulty in any character having

become correlated with the sterile condition of certain

members of insect-communities : the difficulty lies in under-

standing how such correlated modifications of structure could

have been slowly accumulated by natural selection.

This difficulty, though appearing insuperable, is lessened,

or, as I believe, disappears, when it is remembered that

selection may be applied to the family, as well as to the
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individual, and may thus gain the desired end. Thus, a
well-flavoured vegetable is cooked, and the individual is

destroyed ;
•but the horticulturist sows seeds of the same

stock, and confidently expects to get nearly the same variety
;

breeders of cattle wish the flesh and fat to be well marbled
together ; the animal has been slaughtered, but the breeder

goes with confidence to the same fan-gly. I have such faith

in the powers of selection, that I do not doubt that a breed

of cattle, always yielding oxem^vith extraordinarily long horns,

could be slowly formed by carefully watching which individual

bulls and cows, when matched, ^loduced oxen with the

longest horns
;
and yet no one ox could ever have propagated

its kind. Thus I believe it has been with social insects : a

slight modification of structure, or instinct, correlated with the

sterile condition of certain members of the community, has

been advantageous to the community : consequently the

fertile males and females of the same community flourished,

and transmitted to their fertile offspring a tendency to pro*

duce sterile members having the same modification. And
I believe that this process has been repeated, until that pro-

digious amount of difference between the fertile and sterile

females of the same species has been produced, which we see

in many social insects.

But we have not as yet touched on the climax of the diffi*

culty
;
namely, the fact that the neuters of seveT-al ants differ,

not only from the fertile females and males, but from each
other, sometimes to an almost incredible degree, and are

thus divided into two or even three castes. The castes, more-
over, do not generally graduate into each other, but are

perfectly well defined ; being as di5»tinct from each other, as

are any two speeves of the same genus, or rather as afly two
genera of the same family. Thus in Eciton, there are working
and soldier neuters, with jaws and instincts extraordinarily

different : in Cryptocerus, the ^vorkers of one caste alone

carry a w^onderful sort of .shield on their heads, the use 01

which is quite unknown : in the Mexican Myrmecocystus, the

workers of one caste never leave the nest ; they are fed by
the workers of another caste, and they have an enormously
developed abdomen which secretes a sort of honey, supplying

the place of that excreted by the aphides, or the domestic

cattle as they may be called, which our European ants guard
or imprison.

It will indeed be thought that I have an overweening
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'Confidence in the principle of natural selection, when I do

not admit that such wonderful and well-established facts at

once annihilate my theory. In the simpler cast? of neuter

insects all of one caste or of the same kind, which have been

rendered by natural selection, as 1 believe to be quite possilile,

different from the fertile males and females,—in this case, we
may safely conclude frqm the analogy of ordinary variations,

that each successive, slight, profitable modifioatio^i did not

probably at first appear in all tfce individual neuters in the

same nest, but in a few alone; and that by the long-continued

selection of the fertile patents which produced most neuters

with the profitable modification, all the neuters ultimately

came to have the desired character. On this view we ought

occasionally to find neuter-insects of the same spcc'ies, in the

same nest, presenting gradations of structure
;
and this we

do find, even often, considering how few neiUer-insects out

of Europe have been carefully examined. Mr. F. Smith has

ihown how surjirisingly the neuters of several British ants

differ from each other in size and sometimes in colour; and
that the extreme forms can sometimes be [lerfcclly linked

together by individuals taken out of the same nest t I have

myself compared perfect gradations of this kind. It often

happens that the larger or the smaller sized workers are the

most numerous; or that both large and small are numerous,
with those oP an intermediate size scanty in numbers.
Formica llava has larger and smaller workers, wuh some of

intermediate size
;
and, in this species, as Mr. V. Sfliith has

observed, the larger workers have simple eyes (ocelli), which
though small can be plainly distingimhed, whereas the

smaller workcTs have their ocelli rudimentary. Having care-

fully dis-^ecied several specimens of these, workers, I can
affirm tliat the eyes are far more rudimentary in the smaller

workers than can be accounted for merely by their pro-

portionally le.sser size ; and I fully believe, though I dare not
assert so positively, that the workers of intermediate size have
their ocelli in an exactly intermediate condition. So that we
here have two bodies of sterile workers in the same nest,

differing not only in size, but in their organs of vision, yet
connected liy some few members in an intermediate condilit)n.

1 may digress l)y adding, that if the smaller workers had been
tlie mosT useful to the community, and those males and
females had been continually selected, which produced more
and inoie of the smaller workers, until all the workers had



INSTINCT. 195

come to be in this condition ; we should then have had a

species of ant with neuters very nearly in the same condition

with those Myrrnica. For the w’orkers of Myrmica have

not even rudiments of ocelli, though the male and female

ants of this genus have well-developed ocelli.

1 may give one other case : so confidently did I expect to-

find gradations in important points c/ structure between the

different castes of neuters in the same species, that 1 gladly

availed myself of Mr. F. Smith’s offer of numerous specimens

from the same nest of the driver ant (Anomma) of West
Africa. The reader will perliaps hifst appreciate the amount
of difference in these workers, by my giving not the actual

measurements, but a strictly accurate illustration : the differ-

ence was the same as if we w’ere to see a set of workmen
building a house of whom many w’ere five feet four inches

high, and many sixteen feet high
;
but we must suppose that

the larger workmen had heads four instead of three times a&

big as those of the smaller men, and jaws nearly five times

as big. The jaws, moreover, of the working ants of the

several sizes differed wonderfully in shape, and in the form
and number of the teeth. But the important fact for us is,

that though the workers can be grouped into castes of different

sizes, yet they graduate insensibly into each other, as does the

widely-different structure of their jaws. I speak confidently

on this latter point, as Mr. Lubbock made clfawings for me
with the cameia lucida of the jaws which 1 had dissected from

the work-vrs of the several sizes.

^\'ith these facts before me, I believe that natural selection,

by acting on the fertile parents, could form a species which
should regularly produce neuters, either all of large size with

one form of jaw’, .or all of small size with jaw^s having Vw’idely

different structure ; or lastly, and this is our climax of difficulty,

one set of workers of one size and structure, and simul-

taneously another set of vrorkers of a different size and
structure

a

graduated series having been first formed, as in

the case of the driver ant, and then the extreme forms, from
being the most useful to the community, having been pro-

duced in greater and greater numbers through the natural

selection of the parents which generated them; until none
with an intermediate structure were produced.

Thus, as I believe, the wonderful fact of two distinctly

defined castes of sterile workers existing in the same nest,,

both widely different from each other and from their parents,.
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has originated. We can see how useful their production

have been to a social community of insects, on the f.

principle that the division of labour is useful to civilised 1

As ants work by inherited instincts and by inherited too

weapons, and not by acejuired knowledge and manufact’

instruments, a perfect division of labour could he efife

with them only by the workers being sterile
;

for had
been fertile, they would have intercrossed, and llieir inst

and structure would have befome blended. And n;

has, as I believe, effected this admirable division of la

in the communities of ants, by the means of natural selec

But I am bound to confess, that, with all my faith in

principle, I should never have anticipated that na «

selection could have been efficient in so high a degree,

not the case of these neuter insects convinced me of the

I have, therefore, discussed this case, at some little

wholly insufficient length, in order to show the powe-
natural selection, and likewise because this is by far the

serious special difficulty, which my theory has cncount
The case, also, is very interesting, as it proves that

animals, as with plants, any amount of modificatioi
' structure can be effected by the accumulation of numei
slight, and as we must call them accidental, variations, w
are in any manner profitable, without exercise or habit hi

come into piky. P'or no amount of exercise, or habi

volition, in the utterly sterile members of a community c

possibly have affected the structure or instincts of\hefi‘
members, \\hich alone leave descendants. I am surp
that no one has advanced this demonshative case of n<

insects, against the well-known doctrine of Lamarck,

S747nwar}\— I have endeavoured briefly in this chaptc

show that the mental qualities of our domestic animals '

and that the variations are inherited. Still more briel

ha\e attempted to show that instincts vary slightly

state of nature. No one will dispute that instincts ar
the hi'jhest importance to each animal. Therefore 1 can
no chUiculty, under changing conditions of life, in nal
sclcctie.i accumulating slight modifications of ittstinct to
exienl, in any useful direction. In some cases habit or
and disuse have pro\)ably come into play. 1 do not pret
lhal the fads n.Vv's suengthen in any gdegree my liieory

; but none of the cases of difficulty, to
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best of my judgment, annihilate it. On the other hand, the

fact that ^instincts are not always absolutely perfect and are

liable to mistakes ;—that no instinct has been produced for

the exclusive good of other animals, but that each animal
takes advantage of the instincts of others ;—that the canon in

natural history, of “nalura non facit saltum ” is applicable to

instincts as well as to corporeal structure, and is plainly ex-

plicable on the foregoing views, but is otherwise inexplicable,

—all tend to corroborate thh theory of natural selection.

This theory is, also, strengtherjpd by some few other facts

in regard to instincts
;
as by that common case of closely

allied, but certainly distinct, species, when inhabiting distant

parts of the world and living under considerably different

conditions of life, yet often retaining nearly the same instincts.

For instance, we can understand on the principle of inheri-

tance, how it is that the thrush of South America lines its

nest with mud, in the same peculiar manner as does our
British thrush : how it is that the male wrens (Troglodytes)
if North America, build “cock-nests,” to roost in, like the

nales of our distinct Kitty-wrens,—a habit wholly unlike that

)f any .other known bird. Finally, it may not be a logical

ieduction, but to my imagination it is far more satisfactory

o look at such instincts as the young cuckoo ejecting its

bster-brothers,—ants making slaves,—the larvae of ichneu-
nonidee feeding within the live bodies of caterpillars,—not as

peciallv endowed or created instincts, but as small conse-

uencdl of one general law, leading to the advancement of all

rganic beings, namely, multiply, vary, let the strongest live

nd the weakest (Tie.



CHAPTER VIII.
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Hybridism.

Di«;linction between the sterility of first crosses and of hybrids— Sterility

various in degree, not universal, affected by close interbreeding,

remo\ed by domestication— Laws governing the sterility of hybrids —
Sterility not a special endowment, but incidental on other differences

—Causes of the sterility of first crosses and of hybrids— I’arallcIiMn

between the effects of changed conditions of life and crossing— Fertility

of varieties when crossed and of tlieir mongrel ofl^tinng not universal

—Hjbridsand mongrels compared independently of their fertility

—

Summary.

The view generally entertained by naturalists is that species,

when intercrossed, have been specially endowed with the

quality of sterility, in order to prevent the confusion of all

organic forms. *’This view certainly seems at first probable, for

species within the same country could hardly have kept

distinct had they been capable of crossing freely. The
importance of the fact that hybrids are very generally sterile,

has, I think, been much underrated by some late writers. On
the theory of natural selection the case is especially important,

inasmuch as the sterility of hybrds could not possibly be of

any advantage to them, and therefore could not have been
acquired by the continued preservation of successive profitable

degrees of sterility. I hope, however, to be able to show
that sterility is not a specially acquired or endowed quality,

but is incidental on other acquired differences.

In treating this subject, two classes of facts, to a large

extent fundamentally different, have generally been confounded
tugether ; namely, the sterility of two species when first

crossed, and the sterility of the hybrids produced from them.

Pure species have of course their organs of reproduction in

a perfecL condition, yet v/hen intercrossed they produce either

few or no offspring. Hybrids, on the other hand, have their
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reproductive organs functionally impotent, as may be clearly

soon in the state of the male element in both plants and
animals

;
ftiough the organs themselves are perfect in structure,

as far as the microscope reveals. In the first case the two
sexual elements which go to form the embryo are perfect; in

the second case they are either not at all developed, or are

imperfectly developed. This distinction is important, when
the cause of the sterility, which is common to the two cases,

has to be considered. The distinction has probably been

slurred over, owing to the sterility in both cases being looked

on as a sjK'cial endowment, beyond the province of our

reasoning ]:)owers.

I'he fertility of varieties, that is of tlic forms known or

believed to have descended from* common parents, when
intercrossed, and likewise the fertility of their mongrel off-

spring, is, on my theory, of equal importance with the sterility

of species
;
for it seems to make a broad and clear distinction

lietwcen varieties and species.

I'irst, for the sterility of species when crossed and of their

hybrid offspring. It is impossible to study the several

memoiri and works of those two conscientious and admirable

observers, Kolrcuter and Clartncr, who almost devoted their

lives to this subject, without being deeply impressed with

the high generality of some degree of sterility. Kolreuter

makes the rule universal ; but then he cuts the knot, for

in ten cases in which he found two forms, considered by most
authors' as distinct species, quite fertile together, he un-

hesitatingly ranks them as varieties. Gartner, also, makes
the rule e(|ually ifhiversal

;
and he disputes the entire fertility

of Kdlrciuer's ten casc.s. But in these and in many
other cases, Gardner is obliged carefully to count tlie seeds,

in order to show that there is any degree of sterility. He
ahvays compares the maximum number of seeds produced
by two species when crossed and by their hybrid offspring,

with the average number produced by both pure parent-

s])ccies in a slate of nature. But a serious cause of error

seems to me to be here introduced : a plant to be hybridised

must be castrated, and, what is often more important, must
be secluded in order to prevent pollen being brought to it by
insects from other plants. Nearly all the plants experimentised
on by Gartner were potted, and apparently were kept in a

chamber in his house. That these processes are often

injurious to the fertility of a plant cannot be doubled
;

for
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Gartner gives in his table about a score of cases of plants

which he castrated, and artificially fertilised with Jheir own
pollen, and (excluding all cases such as the Leguminosae, in

which there is an acknowledged difficulty in the manipulation)

half of these twenty plants had their fertility in some degree

impaired. Moreover, as Gartner during several years repeatedly

crossed the primrose and cowslip, which we have such good
reason to believe to be varieties, and only once *or twice

succeeded in getting fertile seed; 'as he found the common
red and blue pimpernels ^Anagallis arvensis and cccrulea),

which the best botanists rank as varieties, absolutely sterile

together ;
and as he came to the same conclusion in several

other analogous cases
;

it seems to me that we may well be
permitted to doubt whether many other species are really so

sterile, when intercrossed, as Gartner believes.

It is certain, on the one hand, that the sterility of various

species when crossed is so different in degree and graduates

aw'ay so insensibly, and, on the other hand, that the fertility

of pure species is so easily affected by various circumstances,

that for all practical purposes it is most difficult to say where
perfect fertility ends and sterility begins. I think no better

evidence of this can be required than that the two most
experienced observers who have ever lived, namely, Kblreuter

and Gartner, should have arrived at diametrically opposite

conclusions in regard to the very same species. It is also

most instructive to compare—but I have not space here to

enter on details—the evidence advanced by our best bdxanists

on the question whether certain doubtful forms should be
ranked as species or varieties, with the evidence from fertility

adduced by different hybridisers, or by the same author,

from exjferimenls made during different years. It can thus

be shown that neither sterility nor fertility affords any clear

distinction between species and varieties; but that the

evidence from this source graduates away, and is doubtful in

the same degree as is the evidence derived from other con-
stitutional and structural differences.

In regard to the sterility of hybrids in successive genera-
tions

;
though Giirtner was enabled to rear some hybrids,

carefully guarding them from a cross with either pure parent,
for six or .seven, and in one case for ten generations, yet
he asserts positively that their fertility never increased, but
generalK greatly decreased. I do not doubt that this is

u.-ually th^ case, and that the fertility often suddenly decreases



HYBRIDISM. 197

in the first few generations. Nevertheless I believe that in

all these experiments the fertility has been diminished by an
independent cause, namely, from close interbreeding. I have

collected so large a body of facts, showing that close inter-

breeding lessens fertility, and, on the other hand, that an

occasional cross with a distinct individual or variety increases

fertility, that I cannot doubt the correctness of this almost

universal belief amongst breeders. ^Hybrids are seldom raised

by experimentalists in grj^^at numbers
; and as the parent-

species, or other allied hybrids, generally grow in the same
garden, the visits of insects must be carefully prevented during

the flowering season : hence hybrids will generally be fertilised

during each generation by their own individual pollen
;
and

I am convinced that this would be injurious to their fertility,

already lessened by their hybrid origin. I am strengthened

in this conviction by a remarkable statement repeatedly made
by Partner, namely, that f even the less fertile hybrids be
anificially fertilised with hybrid pollen of the same kind, their

fertility, notwithstanding the frequent ill effects of manipulation,

sometimes decidedly increases, and goes on increasing. Now,
in artificial fertilisation pollen is as often taken by chance (as

1 know from my own experience) from the anthers of another

flower, as from the anthers of the flower itself which is to be
fertilised

;
so that a cross between two flowers, though probably

on the same plant, would be thus effected. • Moreover, when-
ever < omplicated experiments are in progress, so careful an
obstF'Cr as Giirtner would have castrated his hybrids, and this

would have insured in each generation a cross with the pollen

from a distinct flower, either from the same plant or from
another plant of the same hybrid nature. And thus, the strange

fact of the increase of fertility in the successive -aiinerations

of artificially fertilised hybrids may, I believe, be accounted
for by close interbreeding having been avoided.

Now let us turn to the results arrived at by the third most
experienced hybridiser, namely, the Hon. and Rev. W.
lieibert. He is as emphatic in his conclusion that some
hybrids are perfectly fertile—as fertile as the pure parent-

species— as are Kolreuter and Gartner that some degree of

sterility between distinct species is a universal hw of nature.

He experimentised on some of the very same species as did
Gartner, 'fhe difference in their results may, I think, be in

part accounted for by Herbert’s great horticultural skill, and
by his having hothouses at his command. Of his many
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important statements I will here give only a single one as an
example, namely, tliat “every ovule in a pod of Crinuiu

capense fertilised by C. revoliitum produced a plarfc, which

(he says) 1 never saw to occur in a case of its natural fecunda-

tion” So that we here have perfect, or even more than

commonly perfect, fertility in a first cross between two distinct

species

'J'his ca^e of the Crinum feads me to refer to a mostj singular

fact, namely, that there are individual ])lants, as with certain

species of Lobelia, and with all the species of the genus

Hippeastrum, whicli can bcrfar more easily fertilised by the

])ollen of another and distinct species, tiian by their own
pollen. For these plants have been found to yield seed to

the pollen of a distinct species, though quite sterile with their

own pollen, notwithstanding that tlieir own pollen was found

to be perfectly good, for it fertilised distinct sj»ccies. So that

certain indivi«lunl plants and all the individuals of certain

species can ac tually be hybridised much more readily than

they can be self-fertilised ! For instance, a bulb of Hi[)])oastruin

aulicum produc ed four flowers
;

three were ferlilised by
Herbert with their own jiollen, and the fourth was subsequently

fertilised by the pollen of a compound hybrid dcs<‘cnded from

three other and distinct species: tlie result was that “the
ovaries of the three first flowers soon ceased to grC'W, and
after a few days peiyshed entirely, whereas the pod inijiregnaled

by the pollen of the hybrid made vigorous growth and rajud

progress to maturity, and bore good seed, which veg(^\aod

fi eely.'’ In a letter to me, in 1S39, Mr. Herliert told me
that he had then tried the ex[)eriinent during five years, and
he continued to liy it during several subsc'rjucnt years, and
always wi^^w the same result. This result h{is, also, been
confirmed by other ob.ser\crs in llie case of Hqipca’^trum with

its sub-genera, arid in the case of some other genera, as

Lobelia, Passifloia and Vcrljascum. Although tlie plants

in these experiments appeared perfectly healthy, and althougli

both the ovules and pollen of the same flower were perfectly

good with respect to other species, yet as they were functionally

imperfect m their mutual self-action, we must infer that the
pinnts wer ' in an unnatural state. Nevertheless these facts

show on s.liai slight and mysterious causes the lesser or
erreater fortility of species when crossed, in comparison with
the same species >vhen self-fertilised, sometimes depends,

'Ihe practical experiments of horticulturists, though not
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made with scientific precision, deserve some notice. It is

notorious in how complicated a manner the species of Pelar-

gonium, ruchsia, Calceolaria, Petunia, Rhododendron, &c.,

have been crossed, yet many of these hy\)r\ds seed freely. For
instance, Herbert asserts that a hybrid from ^Calceolaria

integrifolia and plantaginea, species most widely dissimilar in

general habit, “ reproduced itself as,jjerfectly as if it had been
a natural species from the mountains of Chile.” I have taken

some pains to ascertain tho degree of fertility of some of the

complex crosses of Rhododendrons, and I am assured that

many of them are perfectly f0rtile. Mr. C. Noble, for

instance, informs me that he raises stocks for grafting from a

hybrid between Rhod. Fonticum and Catawbiense, and that

this hybrid “seeds as freely as it is possible to imagine.’'

Had hybrids, when fairly treated, gone on decreasing in

fertility in each successive generation, as Gartner believes to

be the case, the fact would have been notorious to nurserymen.
Horticulturists raise large beds of the same hybrids, and such

alone are fairly treated, for by insect agency the several

individuals of the same hybrid variety are allowed to freely

<Toss with each other, and the injurious influence of close

interbreeding is thus prevented. Any one may readily

convince himself of the efiliciency of insect-agency by ex-

amining the flowers of the more sterile kinds of hybrid

rhododendrons, which produce no pollen fdl* he will find on
their stigmas plenty of pollen brought from other flowers.

In regard to animals, much fewer experiments have been
carefully tried than with plants. If our systematic arrange-

ments can be trusted, that is if the genera of animals are

as distinct from each other, as are the genera of plants, then

we may infer that animals* more widely separated frf the scale

of nature can be more easily crossed than in the case of

plants
;
but the hybrids themselves are, I think, more sterile.

I <loubt whether any case of a perfectly fertile hybrid animal can

bo considered as thoroughly well authenticated. It should, how-
ever, be borne in mind that, owing to few animals breeding freely

under confinement, few experiments have been fairly tried :

for instance, the canary-bird has been crossed with nine other

finches, but as not one of these nine species breeds freely in

confinement, we have no right to expect that the first crosses

between them and the canary, or that their hybrids, should

be jierfectly fertile. Again, with respect to the fertility in

successive generations of the more fertile hyi)rid animals, I
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hardly know of an instance in which two families of the same

hybrid have been raised at the same time froni different

parents, so as to avoid the ill effects of close interbreeding.

On the contrary, brothers and sisters have usually been crossed

in each successive generation, in opposition to the constantly

repeated admonition of every breeder. And in this case, it is

not at all surprising that,the inherent sterility in the hybrids

should have gone on increasing. If wc were to act} thus, and

l)air brothers and sisters in the case of any pure animal, which

from any cause had the least tendency to sterility, the breed

would assuredly be lost in a*Very few generations.

Although I do not know of any thoroughly well-authenticated

cases of ])erfectly fertile hybrid animals, I have some reason

to believe tViat the hybrids from Cervulus vaginalis and
Reevesii, and from Phasianus colchicus with P. torquatus and

with P. versicolor are perfectly fertile. The hybrids from the

common and Chinese geese (A. cygnoides), species which are

so different that they are generally ranked in distinct genera,

have often bred in this country with cither pure parent, and
in one single instance they have bred inter sc. "I’his was

effected by Mr. Eyton, who raised two hybrids from the same
parents but from different hatches

;
and from these two

birds he raised no less than eight hybrids (grandchildren of

the pure geese) from one nest. In India, however, these

cross-bred geese* must be far more fertile
;
for I am assured

by two eminently capable judges, namely Mr. Blylh and
Capt. Hutton, that whole flocks of these crossed gt^se are

kept in various parts of the country
;
and as they are kept

for profit, where neither pure parent-specie's exists, they must
certainly be highly fertile.

A dottrine which originated \\;ith Pallas, has been largely

accepted by modern naturalists
;

namely, that most of our

domestic animals have descended from two or more aboriginal

s{jecies, since commingled by intercrossing. On this view,

the aboriginal species must either at first have produced quite

fertile hybrids, or the hybrids must have become in subsequent
generations quite fertile under domestication. This latter

alternative seems to me the most probable, and I am inclined

10 believe in its truth, although it rests on no direct evidence.
I believe, for instance, that our dogs have descended from
several w^ild stocks

;
yet, with perhaijs the exception of certain

indigenous domestic dogs of South America, all are quite
lertie together

;
and analogy makes me greatly doubt, whether
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the several al^original species would at first have freely bred

together jnd have produced quite fertile hybrids. So again

there is reason to believe that our European and the humped
Indian cattle are quite fertile together ; but from facts

communicated to me by Mr. Blyth, I think they must be
coM'iidercd as distinct species. On this view of the origin

of many of our domestic animals^ we must either givo ux)

the belief of tlie almost universal sterility of distinct sj^ecics

of animals when crossed ;'or we must look at sterility, not

as an indelible characteristic, but as one capable of being

removed by domestication.
^

Finally, looking to all the ascertained facts on the inter-

crossing of plants and animals, it may be concluded that

some degree of sterility, both in first crosses and in hybrids,

is an extremely general result ; l)ut that it cannot, under our

present state of knowledge, be considered as absolutely

universal.

•

Lmvs goverfling the Sterility offirst Crosses and of Hybrids.
—^\'e will now consider a little more in detail the circum-

stances and rules governing the sterility of first crosses and
of hybrids. Our chief object will be to see whether or not

the rules indicate that s[)ecies have specially been endowed
with this quality, in order to prevent their crossing and
blending together in utter confusion. The following rules and
conclusions are chiefly drawn up from Gartner's admirable
work bn the hybridisation of plants. I have taken much
Xiains to ascertain how far the rules apply to animals, and
cons'dering how Scanty our knowledge is in regard to hybrid

animals, 1 have been surprised to find how generally the same
rules apply to both kingdoms.

It has been already remarked, that the degree of fertility,

both of fiiht crosses and of hybrids, graduates from zero to

perfect fertility. It is surprising in how many curious ways
this gradation can be shown to exist

; but only the barest

outline of the facts can here he given. When pollen from
a plant of one family is placed on the stigma of a plant of a
distinct family, it exerts no more influence than so much
inorganic dust. From this absolute zero of fertility, the

X^ollen of different species of the same genus applied to the

stigma of some one species, yields a perfect gradation in

the number of seeds produced, up to nearly complete or even
quite complete fertility

; and, as we have seen, in certain
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abnormal cases, even to an excess of fertility, beyond that

which the plant’s own pollen will produce. So in hybrids

themselves, there are some which never have proauced, and
probably never would produce, even with the pollen of either

pure parent, a single fertile seed : but in some of these cases

a first trace of fertility may be detected, by the pollen of one

of the pure parent-specie*' causing the flower of the hybrid to

wither earlier than it otherwise would have donej and the

early withering of the flower is well knowm to be a sign of

incipient fertilisation. From this extreme degree of sterility

we have self-fertilised hybrfds producing a greater and greater

number of seeds up to perfect fertility.

Hybrids from two species which are very difficult to cross,

and which rarely produce any offspring, are generally very

sterile ;
but the parallelism between the difficulty of making

a first cross, and the sterility of the hybrids thus produced

—

two classes of facts which are generally confounded together

—is by no means strict. There a^-e many cases, in which

two pure species can be united with unusual facility, and
produce numerous hybrid-offspring, yet these hybrids are

remarkably sterile. On the other hand, there are species

which can be crossed very rarely, or witli c.xtreme difficulty,

but the hybrids, whe^ at last produced, are very fertile.

Even within the limits of the same genus, for instance in

Dianthus, these *two opposite cases occur.

The fertility, both of first crosses and of hybrids, is more
easily affected by unfavourable conditions, than is the •fertility

of pure species. But the degree of fertility is likewise

innately variable
;

for it is not always the same when the

same two species are crossed under the same circumstances,

but dep*ends in part upon the constitution of the individuals

which happen to have been chosen for the experiment. So
it is with hybrids fur their degree of fertility is often found
to differ greatly in the several individuals raised from seed

out of the same capsule and exposed to exactly the same
conditions.

By ll'.e term systematic affinity is meant, the resemblance
between species in structure and in constitution, more
^.specially in the structure of parts which are of high physio-
logical in*j)ortance and which differ little in the allied species.

Now the fertility of first crosses between species, and of the
hybrids^ produced from them, is largely governed by their

syji^ematic affinity. This is clearly shown by hybrids never
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having been raised between species ranked by systematists in

distinct families; and on the other hand, by very closely

allied specids generally uniting with facility. But the corres-

pondence between systematic affinity and the facility of

crossing is by no means strict. A multitude of cases could

be given of very closely allied species which w'ill not unite,

or only with extreme difficulty ; anc^ on the other hand of

very distinct species which unite with the utmost facility.

In the same family there may be, a genus, as Dianthus, in

which very many species can most readily be crossed
;
and

another genus, as Silene, in which tlA most persevering efforts

have fai'^'d to j)rocluce between extremely close species a

single hybrid. Kven w'ithin the limits of the same genus, we
meet with this same difference

; for instance, the many species

of Ni( otiana have been more largely crossed than the species of

almost any oilier genus
;
but Gartner found that N. acuminata,

which is not a particularly distinct species, obstinately failed

to fertilise, or to be fertilised by, no less than eight other

species of Nicotiana. Very many analogous facts could be
given.

No one has been able to point out what kind, or what
aiiiount, of difference in any recognisable character is sufficient

to jircvent two species crossing. It can shown that plants

most widely different in habit and general afipearo-nce, and
having strongly marked differences in every parf of the flower,

even in the pollen, in the fruit, and in the cotyledons, can
be crossed. Annual and perennial plants, deciduous and
evergreen trees, plants inhabiting different stations and fitted

for extremely difer^nt climates, can often be crossed with

ease.

]5y a reciprocal cross between two species, I m*e3n the

case, for instance, of a stallidn-horse being first crossed with

a female-ass, and then a male-ass with a mare : these two
species may then be said to have been reciprocally crossed,

d’here is often the widest possible difference in the facility

of making reciprocal crosses. Such cases are highly important,

for they j)rove that the capacity in any two species to cross

is often completely independent of their systematic affinity,

or of any recognisable difference in their whole organisation.

On the other hand, these cases clearly show that the capacity

for crossing is connected with constitutional differences

!in[)erceptible by us, and confined to the reproductive system.

This difference in the result of reciprocal crosses between
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the same two species was long ago observed by Kdlreuter.

To give an instance : Mirabilis jalappa can easily be fertilised

by the pollen of M. longiflora, and the hybrids ihifc produced

are sufficiently fertile; but Kolreuter tried more than two

hundred times, during eight following years, to fertilise

reciprocally M. longiflora with the pollen of M. jalappa, and
utterly failed. Several 9ther equally striking cases could be

given. Thuret has observed the same fact with qertain sea-

weeds or Fuci. Gartner, moreover, found that this difference

of facility in making reciprocal crosses is extremely common
in a lesser degree. He fftis observed it even between forms

so closely related (as Matthiola annua and glabra) that many
botanists rank them only as varieties. It is also a remarkable

fact, that hybrids raised from reciprocal crosses, though of

course compounded of the very same two species, the one
species having first been used as the father and then as the

mother, generally differ in fertility in a small, and occasionally

in a high degree.

Several other singular rules could be given from Gartner

:

for instance, some species have a remarkable power of crossing

with other species
;
other species of the same genus have a

remarkable power of impressing their likeness on their hybrid

offspring; but these two powers do not at all necessarily go
together. There are wrtain hybrids which instead of having,

as is usual, afi intermediate character between their two
parents, always closely resemble one of them

;
and such

hybrids, though externally so like one of their pur# parent-

species, are with rare exceptions extremely sterile. So again

amongst hybrids which are usually intermediate in structure

betw'een their parents, exceptional and abnormal individuals

sometifnes are born, which closely resemble one of their pure

parents
;
and these hybrids are almost always utterly sterile,

even wdien the other hybrids raised from seed from the same
capsule have a considerable degree of fertility. These facts

show how completely fertility in the hybrid is independent
of its external resemblance to either pure parent.

Considering the several rules now given, which govern the

fertility of first crosses and of hybrids, we see that when
forms, which must be considered as good and distinct species,

are united, their fertility graduates from zero to perfect fertility,

or even to fertility under certain conditions in excess.

That dieir fertility, besides being eminently susceptible to

favourable and unfavourable conditions, is innately variable.
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That it is by no means always the same in degree in the

first cross agd in the hybrids produced from this cross. That
the fertility of hybrids is not related to the degree in which
they resemble in external appearance either parent. And
lastly, that the facility of making a first cross between any
two species is not always governed by their systematic affinity

or degree of resemblance to each othor. This latter statement

is clearly proved by reciprocal crosses between the same two
species, for according as the one species or the other is

used as the father or the mother, there is generally some differ-

ence, and occasionally the widest f)ossible difference, in the

facility of effecting an union. The hybrids, moreover, produced
from reciprocal crosses often differ in fertility.

Now do these complex and singular rules indicate that

species have been endowed with sterility simply to prevent

their becoming confounded in nature? I think not. For
why should the sterility be so extremely different in degree,

when various species are crossed, all of which we must suppose
it would be equally important to keep from blending together ?

Why should the degree of sterility be innately variable in the
individuals of the same species ? Why should some species

cross with facility, and yet produce very sterile hybrids
;
and

other species cross with extreme difficulty, and yet produce
fairly fertile hybrids? Why should there often be so great

a difference in the result of a reciprocal cross between the

same two species? Why, it may even be asked, has the

production of hybrids been permitted ? to grant to species

the special power of producing hybrids, and then to stop
their further propagation by different degrees of sterility, not
strictly related to the facility of the first union between their

parents, seems to be a strange arrangement.
' ’

The foregoing rules and facts, on the other hand, appear
to me clearly to indicate that the sterility both of first crosses

and of hybrids is simply incidental or dependent on unknown
diffe»-ences, chiefly in the reproductive systems, of the species
which are crossed. The differences being of so peculiar and
limited a nature, that, in reciprocal crosses between two
species the male sexual element of the one will often freely

act on the female sexual element of the other, but not in

a reversed direction. It will be advisable to explain a little

more fully by an example what I mean by sterility being
incidental on other differences, and not a specially endowed
quality. As the capacity of one plant to be grafted or budded
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on another is so entirely unimportant for its welfare in a

'State of nature, I presume that no one will suppoij^e that this

capacity is a specially endowed quality, but will admit that

it is incidental on differences in the laws of growth of the

two plants. ^Vc can sometimes see the reason why one tree

will not take on another, from differences in their rate of

growth, in the linrdness ^of their wood, in the period of the

flow or nature of their sap, &:c.
;
but in a muUitucJe of cases

we can assign no reason whatever. Great diversity in the

size of two plants, one being woody and the other herbaceous,

one being evergreen and tne other deciduous, and adaptation

to widely different climates, does not always prevent the two
grafting together. As in hybridisation, so with grafting, the

capacity is limited by systematic affinity, for no one has been
able to graft trees together belonging to quite distinct families;

and, on the other hand, closely allied species, and varieties

of the snme species, can usually, but not invariably, be grafted

with ease. But this capacity, as in hybridisation, is by no
means absolutely governed by systematic affinity. Although
many distinct genera within the same family have been grafted

togeUier, in other cases species of the same genus will not

take on each other. The pear can be grafted far more readily

on the quince, which is ranked as a distinct genus, than on
the ajiple, which is a member of the same genus. Even
different varieties of the pear take with different degrees of

facility on the quinces so do different varieties of tlie apricot

and p(.‘ach on certain varieties of the plum. •

As Gartner found that there was sometimes an innate

difference in different individuals of the* same two species

in crossing : so Sagaret believes this to be tlic case witli

different individuals of the same ^two species in being grafted

together. As in reciprocal cros.ses, the facility of effecting

an union is often very far from equal, so it sometimes is in

grafting ; the common gooseberry, for instance, cannot be
grafted on the currant, whereas the current will take, though
with dirticulty, on the gooseberry.

We ha\e seen tliat the sterility of hybrids, which have
their reproductive organs in an imperfect condition, is a very
different - ase from the difficulty of uniting two pure species,

which ha\e their reproductive organs perfect
;
yet these two

distinct ci'ses run to a certain extent parallel. Something
ahalogous occurs in grafting; for Thouin found that three
species of Robinia, which seeded freely on their own roots,
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and which could be grafted with no great difficulty on another

species, \^hen thus grafted were rendered barren. On
the other nand, certain species of Sorbus, when grafted on-

other species, yielded twice as much fruit as when on their

own roots. We are reminded by this latter fact of the extra-

ordinary case of Hippeastrum, Lobelia, &c., which seeded
much more freely when fertilised with the pollen of distinct

species, than when self-fertilised with their ow’n pollen.

We thus see, that although there is a clear and fundamental
difference between the mere adhesion of grafted stocks, and
the union of the male and female elements in tiie act of

rcprodiiclion, yet that there is a rude degree of parallelism in

the results of grafting and of crossing distinct species. And
as we must look at the curious and complex laws governing

the facility with which trees can be grafted on each other as

incidental or unknown differences in their vegetative systems,

so 1 believe that the still more complex laws governing the

facility of first crosses, are. incidental on unknown differences,

chiefly in their reproductive systems, These differences,

in both cases, follow to a certain extent, as might have been
expected, systematic affinity, by which every kind of resem-
blance and dissimilarity betw’een organic beings is attempted
to be expressed. The facts by no means seem to me to

indicate that the greater or lesser difficulty of either grafting

or crossing together various species has been a special endow-
ment ; although in the case of crossing, the difficulty is as

important for the endurance and stability of specific forms,

as in the case of grafting it is unimportant for their w'elfare.

C(7i/ses of the Stt vilify of first Crosses and of Hybrids.

—

We may now look a little ^closer at the probable causes of
the sterility of first crosses and of hybrids. These two cases

are fundamentally different, for, as just remarked, in the

union of two ])ure species the male and female sexual elements
are j)erfect, whereas in hybrids they are imperfect. Even in

first crosses, the greater or lesser difficulty in effecting a
union apparently depends on several distinct causes. There
must sometimes be a physical impossibility in the male
eiement reaching the ovule, as would be the case with a plant

Having a pistil too long for the pollen-tubes to reach the
ovarium. It has also been observed that when pollen of one
species is placed on the stigma of a distantly allied species,

though the pollen-tubes protrude, they do not penetrate the
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stigmatic g^irface. Again, the male element may reach

female element, but be incapable of causing an,, embryc
be developed, as seems to have been the case with sc

of 'I'hurct’s experiments on Fuci. No explanation can
given of these facts, any more than why certain trees car

be grafted on others. Lastly, an embryo may be develoj'

and then perish at an< early period. This latter alterna

has not been sufficiently attended to
;

but I believe, fi

obseivations communicated to me by Mr. Hewitt, who
had great experience in hybridising gallinaceous birds, t

the early death of the embryo is a very frequent cause

sterility in first crosses. I was at first very unwilling to beli

in this view; as hybrids, when once born, are gener
healthy and long-lived, as we see the case of the conn
mule. Hybrids, however, are di/Tcrently circumstanced be
and after birth : when born and living in a country wl
their two parents can live, they are generally ])laced ur
suitable conditions of life. But .a hybrid partakes of C'

half of the nature and constitution of its mother, and th

fore before birth, as long as it is nourished within its motl'

womb or within the egg or seed produced by the mothe
may be exposed to conditions in some degree unsuita

and consequently be liable to perish at an early [leriod
; n

especially as all very young beings seem eminently sensi'

to injurious or unnatural conditions of life.

In regard to the sterility of hybrids, in which the se:

elements are imperfectly developed, the case is very differ

I have more than once alluded to a large body of fs

which I have collected, showing that when animals and pk •

are rciT\ovcd from their natural conditions, they are extren
liable to have their reproductive^ systems seriously affec

This, in fact, is the great bar to the domestication of anirr

Between the stciilily thus superinduced and that of hybi
there are many points ' of similarity. In both cases
sterility is independent of general health, and is o
accompanied by excess of size or great luxuriance. In t

cases, the sterility occurs in various degrees
;

in both, .

male element is the most liable to be affected ; hut sometii
the fcmal - more than the male. In both, the tendency g
to a certani extent with systematic affinity, for whole gro *

of animals and plants are rendered impotent by the sj

unnatural conditions
;
and whole groups of species tpnd

produce sterile hybrids. On the other hand, one ‘spcciet^



HYBRIDISM. 209

group will sometimes resist great changes of conditions

ith unimpaired fertility
;

and certain species in a group
ill produJe unusually fertile hybrids. No one can tell,

11 he tries, whether any particular animal will breed under
^nfinement or any plant seed freely under culture ; nor
n he tell, till he tries, whether any two species of a

:nus will produce more or less sterile hybrids. Lastly,

“len organic beings are placed duflng several generations

idcr conditions not natural to them, they are extremely

ible to vary, which is due, as I believe, to their reproductive

stems having been specially affected, though in a lesser

;gree than when sterility ensues. So it is with hybrids, for

brids in successive generations are eminently liable to vary,
“ every experimentalist has observed.

Thus we see that when organic beings are placed under
‘W and unnatural conditions, and when hybrids are produced
’ the unnatural crossing of two species, the reproductive

stem, indeiiendently of the general state of health, is affected

^ sterility in a very similhr manner. In the one case, the

•nditions of life have been disturbed, though often in so

gilt a degree as to be inappreciable by us
;

in the other

^e, or that of hybrids, the external conditions have remained
,e same, but the organisation has been disturbed by two
fferent structures and constitutions having been blended
.0 one. For it is scarcely possible that two organisations

ould be compounded into one, without some disturbance

curring^in the development, or periodical action, or mutual
’ation of the different parts and organs one to another, or

the conditions qf life. When hybrids are able to breed
ter se, they transmit to their offspring from generation to

neration the same compounded organisation, and •hence
; need not be surprised that their sterility, though in some
gree variable, rarely diminishes.

It must, however, be confessed that we cannot understand,
cepting on vague hypotheses, several facts with respect to

e sterility of hybrids; for instance, the unequal fertility of

bnds produced from reciprocal crosses
;

or the increased
I iriliiy in those hybrids which occasionally and exceptionally

semble closely either pure parent. Nor do I pretend that
^

I e foregoing rernailf^ go to the root of the matter ; no
planation is oftered why an organism, when placed under
matural conditions, is renftoed sterile. All that I have

rtempted to show, is that irr^wo cases, in some respects

14
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allied, sterility is the common result,—in the one case from the

conditions of life having been disturbed, in the other case from

the organisation having been disturbed by two organisations

having been compounded into one.

It may seem fanciful, buc I suspect that a similar parallelism

extends to an allied yet very different class of facts. It is an

old and almost univers^ belief, founded, I think, on a con-

siderable body of evidence, that slight changes in the conditions

of life are beneficial to all living things. We see this acted

on by farmers and gardeners in their frequent exchanges of

seed, tubers, &c., from 6ne soil or climate to another, and
back again. During the convalescence of animals, we plainly

see that great benefit is derived from almost any change in

the habits of life. Again, both with plants and animals, there

is abundant evidence, that a cross between very distinct

individuals of the same species, that is between members
of different strains or sub-breeds, gives vigour and fertility

to the offspring. I believe, indee^t from the facts alluded to

in our fourth chapter, that a certain amount of crossing is

indispensable even with hermaphrodites ; and that close inter-

breeding continued during several generations between the

nearest relations, especially if these be kept under the same
conditions of life, always induces weakness and sterility in

the progeny.

Hence it seems that, on the one hand, slight changes in

the conditions of life benefit all organic beings, and on the

other hand, that slight crosses, that is crosses bet.veen the

males and females of the same species which have varied

and become slightly different, give vigour and fertility to

the offspring, but we have seen that greater changes, or

change^ of a particular nature, often render organic beings in

some degree sterile
;
and that greater crosses, that is crosses

between males and females which have become widely or

specifically different, produce hybrids which are generally

sterile in some degree. I cannot persuade myself that this

parallelism is an accident or an illusion. Both series of facts

seem to be connected together by some common but unknown
bond, which is essentially related to the principle of life.

Fertility of Varieties when crossed^ and of their Mongrel
offspring,—‘It may be urged, as a most forcible argument, that

there must be some essential distinction between species
and varieties, and that there must be some error in all the



HYBRIDISM. 211

foregoing remarks, inasmuch as varieties, however much they

may differ from each other in external appearance, cross with

perfect falility, and yield perfectly fertile offspring. I fully

admit that this is almost invariably the case. But if we look

to varieties produced under nature, we are immediately in-

volved in hopeless difficulties ; for if two hitherto reputed

varieties be found in any degree sterile together, they are at

once ranked by most naturalists as species. For instance, the

blue and red pimpernel, the primrose and cowslip, which are

considered by many of our best botanists as varieties, are said

by Gartner not to be quite fertile ^yhen crossed, and he con-

sequently ranks them as undoubted species. If we thus argue

in a circle, the fertility of all varieties produced under nature

will assuredly have to be granted.

If we turn to varieties, produced, or supposed to have been
produced, under domestication, we are still involved in doubt.

For when it is stated, for instance, that the German Spitz dog
uniter more easily than other dogs with foxes, or that certain

South American indigenotfis domestic dogs do not readily cross

with European dogs, the explanation which will occur to every

one, and probably the true one, is that these dogs have
descended from several aboriginally distinct species. Never-

theless the perfect fertility of so many domestic varieties,

differing widely from each other in appearance, for instance

of the pigeon or of the cabbage, is a remarkable fact
;
more

especially when we reflect how many species there are, which,

though ,resembling each other most closely, are utterly sterile

when intercrossed. Several considerations, however, render

the fertility of doi'^estic varieties less remarkable than at first

appears. It can, in the first place, be clearly shown that mere
external dissimilarity between two species does not dcitermine

their greater or lesser degFee of sterility when crossed
;
and

we may apply the same rule to domestic varieties. In the

second place, some eminent naturalists believe that a long

course of domestication tends to eliminate sterility in the

successive generations of hybrids, which were at first only
slightly sterile; and if this be so, we surely ought not to expect

to find sterility both appearing and disappearing under nearly

the same conditions of life. Lastly, and this seems to me by
far the most important consideration, new races of animals
and plants are produced under domestication by man's metho-
dical and unconscious power of selection, for his own use

and pleasure : he neither whshes to select, nor could select
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slight differences in the reproductive system, or other con-

stitutional differences correlated with the reproductive system.

He "supplies his several varieties with the same fflod ; treats

them in nearly the same manner, and does not wish to alter

their general habits of life. Nature acts uniformly and slowly

during vast periods of time on the whole organisation, in any
way which may be for each creature^s own good

;
and thus

she may, either directly, i)r more probably indirectly, ^hrough
correlation, modify the reproductive system in the several

descendants from any one species. Seeing this difference in

the process of selection, as) carried on by man and nature, we
need not be surprised at some difference in the result.

I have as yet spoken as if the varieties of the same species

were invariably fertile when intercrossed. But it seems to me
impossible to resist the evidence of the existence of a certain

amount of sterility in the few following cases, which I will

briefly abstract. The evidence is at least as good as that

from which we believe in the sterility of a multitude of species.

The evidence is, also, derived from hostile witnesses, who in

all other cases consider fertility and sterility as safe criterions

of specific distinction. Gartner kept during several years a

dwarf kind of maize with yellow seeds, and a tall variety with

red seeds, growing near each other in his gaidcn
;
and although

these plants have separated sexes, they never naturally crossed.

He then fertiliseKi ihiiteen flowers of the one with the pollen

of the other
;
but only a single head producxd any seed, and

this one head produced only five grains. Manipuilation in

this case could not have been injurious, as the plarnts have
separated sexes. No one, I believe, has suspected that these

varieties of maize are distinct species
;
and it is important to

notice <.kat the h>brid plants thus raised were themselves

perfectly fertile
;
so that even Garther did not venture to con-

sider the two variei'cs as specifically distinct.

Girou de Buzaieingues ciossed three varieties of gourd,

which like the maize has separated sexes, and he asserts that

their mutual fertilisation is by so much the less easy as their

differences are greater. How far these exi)eiirnents may be
trusted, 1 know' not

;
but the forms ex])erimentjsed on, are

ranked by Sagaret, who mainly founds hib classification by
the test of infertility, as varieties.

"I’he following rase is far more remarkable, and seeips at

first quite incredilde
; but it is the result of an astonishing

number ol expeiiments made during many years of nine
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species of Verbascum, by so good aii observer and so hostile

a witness, as Gartner : namely, that yellow and white varieties

of the same species of Verbascum when intercrossed producjc

less seed, than do either coloured varieties when fertilised with

pollen from their own coloured flowers. Moreover, he asserts

that when yellow and white varieties of one species are crossed

with yellow and white varieties of a distinct species, more seed

is produced by the crosses between flie same coloured flowers,

than between those which are differently coloured. Yet these

varieties of Verbascum present no other difference besides the

mere colour of the flower ; and ontf variety can sometimes be
raised from the seed of the other.

From observations which I have made on certain varieties

of hollyhock, I am inclined to suspect that they present

analogous facts.

Koireuter, whose accuracy has been confirmed by every

subsequent observer, has proved the remarkable fact, that one
variety of the common tobacco is more fertile, when crossed

with a widely distinct species, than are the other varieties.

He experimentised on five forms, which are commonly re-

puted to be varieties, and which he tested by the severest

trial, namely, by reciprocal crosses, and he found their mongrel
offspring perfectly fertile. But one of these five varieties,

when used either as father or mother, and crossed with the

Nicotiana glutinosa, always yielded hybrids ‘not so sterile as

those which were produced from the four other varieties when
cro.ssed^'With N. glutinosa. Hence the reproductive system

of this one variety must have been in some manner and in

some degree modified.

From these flirts
;
from the great difficulty of ascertaining

the infertility of varieties in a stale of nature, for a* supposed
variety if infertile in any dSgree would generally be ranked as

species
;
from man selecting only exlernnl characters in the

production of the mo.st distinct domestic varieties, and from
not wishing or being able to produce recon«iite and functional

differences in the reproductive system
;
from these several

considerations and facts, 1 do not think that the very general

fertility of varieties can be proved to be of universal occurrence,

or to form a timdn mental distinction !)etween varieties and
.species. 'Uhe gCiieral fertility of varieties does not seem to

me sufficient to overthrow the view which 1 have taken with

respect to the very general, but not invariable, sterility of

first crosses and of hybrids, namely, that it is not a special
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endowment, but is incidental on slowly acquired modifications,

more especially in the reproductive systems of the forms
which are crossed. ^

Hybrids and Mongrels compared^ independently of their

fertility.—Independently of the question of fertility, the off-

spring of species when crossed and of varieties when crossed

may be compared in several other respects. Gartner, whose
strong wish was to draw a marked line of distinction between
species and varieties, could find very few and, as it seems to

me, quite unimportant differences between the so-called hybrid

offspring of species, and the so-called mongrel offspring of

varieties. And, on the other hand, they agree most closely

in very many important respects.

I shall here discuss this subject with extreme brevity.

The most important distinction is, that in the first generation

mongrels are more variable than hybrids
;
but Gartner admits

that hybrids from species which have long been cultivated are

often variable in the first generation ; and I have myself seen

striking instances of this fact. Gartner further admits that

hybrids between very closely allied species are more variable

than those from very distinct species ; and this shows that the

difference in the degree of variability graduates away. When
mongrels and the more fertile hybrids are propagated for

several generations an extreme amount of variability in their

offspring is notorious
;
but some few cases both of hybrids

and mongrels long retaining uniformity of character j^ould be
given. The variability, however, in the successive generations

of mongrels is, perhaps, greater than in hybrids.

This greater variability of mongrels than of hybrids does not

seem to* me at all surprising. For the parents of mongrels are

varieties, and mostly domestic varieties (very few experiments

having been tried on natural varieties), and this implies in

most cases that there has been recent variability
;
and there-

fore we might expect that such variability would often continue

and be superadded to that arising from the mere act of cross-

ing. The slight degree of variability in hybrids from the

first cross or in the first generation, in contrast with their

extreme variability in the succeeding generations, is a curious

fact and deserves attention. For it bears on and corroborates

the view which I have taken on the cause of ordinary vari-

ability
; namely, that it is due to the reproductive system being

eminently sensitive to any change in the conditions of life.
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being thus often rendered either impotent or at least incapable

of its proj^r function of producing offspring identical with the

parent-form. Now hybrids in the first generation are de-

scended from species (excluding those long cultivated) which
have not had their reproductive systems in any way affected,

and they are not variable ; but hybrids themselves have their

reproductive systems seriously affectgd, and their descendants
are highly variable.

But to return to our comparison of mongrels and hybrids :

Gartner states that mongrels are more liable than hybrids to

revert to either parent-form ; but tffis, if it be true, is certainly

only a difference in degree. Gartner further insists that when
any two species, although most closely allied to each other,

are crossed with a third species, the hybrids are widely

different from each other ; whereas if two very distinct varieties

of one species are crossed with another species, the hybrids

do not differ much. But this conclusion, as far as I can
make out, is founded on a single experiment; and seems
directly opposed to the results of several experiments made
by Kolreuter.

These alone are the unimportant differences, which Gartner
is able to point out, between hybrid and mongrel plants. On
the other hand, the resemblance in mongrels and in hybrids

to their respective parents, more especially in hybrids produced
from nearly related species, follows according to Gartner the

same laws. When two species are crossed, one has sometimes
a prepOtfent power of impressing its likeness on the hybrid

;

and so T believe it to be with varieties of plants. With animals

one variety cert;.iftly often has this prepotent power over

another variety. Hybrid plants produced from a reciprocal

cross, generally resemble e^ch other closely ; and sd ft is with

mongrels from a reciprocal cross. Both hybrids and mongrels
can be reduced to either pure parent-form, by repeated crosses

in successive generations with either parent.

These several remarks are apparently applicable to animals

;

but the subject is here excessively complicated, partly owing
to the existence of secondary sexual characters

;
but more

especially owing to prepotency in transmitting likeness running
more strongly in one sex than in the other, both when one
species is ciossed with another, and when one variety is

crossed with another variety. For instance, I think those

authors are right, who maintain that the ass has a prepotent

power over the horse, so that both the mule and the hinny
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more resemble the ass than the horse ; but that the prepotency

runs more strongly in the male-ass than in the female, so that

the mule, which is the offspring of the mak-ass and mare, is

more like an ass, than is the hinny, which Js the offspring of

the female-ass and stallion.

Much stress has been laid by some authors on the supposed
fact, that mongrel animals^ alone are born closely like one of

their parents ;
but it can be shown that this does son^etimes

occur with hybrids; yet I grant much less frequently with

hybrids than with mongrels. Looking to the cases which I

have collected of cross-br^ animals closely resembling one
parent, the resemblances seem chiefly confined to characters

almost monstrous in their nature, and which have suddenly
appeared—such as albinism, melanism, deficiency of tail or

horns, or additional fingers and toes
;
and do not relate to

characters \\hich have been slowly acquired by selection.

Consequently, sudden reversions to the perfect character of

either parent would be more likelyi^to occur with mongrels,

which are descended from varieties often suddenly produced
and semi-monstrous in character, than with hybrids, which arc

descended from species slowdy and naturally produced. On
the whole I entirely, agree with Dr. Prosper Lucas, who, after

arranging an enormous body of facts with respect to animals,

comes to the conclusion, that the laws of resemblance of the

child to its parehts are the same, whether the two parents

differ much or little from each other, namely in the union of

individuals of the same variety, or of different variflPLies, or

of distinct species.

Laying aside the question of fertility and sterility, in all

other respects there seems to be a general and close similarity

in the dff^pring of crossed species^ and of crossed varieties.

If we look at species as having been specially created, and
at varieties as having been produced by secondary laws, this

similarity would be an astonishing fact. But it harmonises
perfectly with the view that there is no essential distinction

between species and varieties.

Summary of Chapter.—First crosses between forms sufifi-

ciently distiiiCt to be ranked as species, and their hybrids, arc

very generally, but not universally, sterile. The sterility is of

all degrees, and is often so slight that the two most careful

experimentalists who have ever lived, have come to diametric-

ally opposite conclusions in ranking forms by this test. The
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sterility is innately variable in individuals of the same species,
'

and is eminently susceptible of favourable and unfavourable

conditions. The degree of sterility does not strictly follow

systematic affinity, but is governed by several curious and
complex laws. It is generally different, and sometimes widely

different, in reciprocal crosses between the same two species.

It is not always equal in degree in^a first cross and in the

hybrid produced from this cross.

In the same manner as in grafting trees, the capacity of one
species or variety to take on another, is incidental or generally

unknown differences in their vegetat^e systems, so in crossing,

the greater or less facility of one species to unite with another,

is incidental on unknown differences in their reproductive

systems. There is no more reason to think that species have
been specially endowed with various degrees of sterility to

prevent them crossing and blending in nature, than to think

that trees have been specially endowed with various and some-
what ar.alogous degrees of difficulty in being grafted together

in order to prevent them becoming inarched in our forests.

The sterility of first crosses between pure species, which
have their reproductive systems perfect, seems to depend on
several circumstances

;
in some cases largely on the early

death of the embryo. 'Fhe sterility of hybrids, which have
their reproductive systems imperfect, and which have had
this .system and their whole organisation distTirbed by being

compounded of two distinct .species, seems closely allied

to that '’^erility which so frequently affects pure species,

when their natural conditions of life have been disturbed.

This view is suppoited by a parallelism of another kind ;.

—

namely, that the crossing of forms only slightly different is

fitvourable to the vigour and fertility of their offspring; and
that slight clianges in the ''conditions of life are apparently
favourable to the vigour and fertility of all organic beings. It

is not surprising that the degree of difficulty in uniting two
species, and the degree of sterility of their hybrid-offspring

shouki generally correspond, though due to distinct causes

;

for both depend on the amount of difference of some kind
between the species which are crossed. Nor is it surprising

that the facility of effecting a first cross, the fertility of the

hybrids produced, and the capacity of being grafted together

—

though this latter capacity evidently depends on widely

different circumstances—should all run, to a certain extent,

parallel with the systematic affinity of the forms which are
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subjected to experiment ; for systematic affinity attempts to

express all kinds of resemblance between all specv^s.

First crosses between forms known to be varieties, or

sufficiently alike to be considered as varieties, and their

mongi^l .offspring, are very generally, but not quite universally,

fertile. Nor is this nearly general and perfect fertility

surprising, when we renr^ember how liable we are to argue

in a circle with respect to varieties in a state of mature

;

and when we remember that the greater number of varieties

have been produced under domestication by the selection of

mere external differences, and not of differences in the re-

productive system. In all other respects, excluding fertility,

there is a close general resemblance between hybrids and
mongrels. Finally, then, the facts briefly given in this chapter

do not seem to me opposed to, but even rather to support

the view, that there is no fundamental distinction between
species and varieties.



CHAPTER *LX.

On the Impereection of the Geological Record.
•

On the absence of intermerliate varieties at the present day—On the nature

of exunct intermediate varieties ; on their number—On the vast

lapse of time, as inferred from the rate of deposition and of denuda-
tion—On the poornes.s of our palaeontoloi»ical collections—On the

intennittence of geological formations—On the absence of inter-

mediate varieties in any one formation—On the sudden apjiearance

of groups of species—On their sudden appearance in the lowest

known fossiliferous strata.

#
In the sixth chapter I enumerated the chief objections which
might be justly urged against the views maintained in this

volume. Most of then; have now been discussed. One,
namely the distinctness of specific forms, and their not being

blended together by innumerable transitional links, is a very

obvious difficulty. I assigned reasons why such links do not

commonly occur at the present day, under tlie circumstances

apparently most favourable for their presence, namely on
an exteiiiive and continuous area with graduated physical

condition's. I endeavoured to show, that the life of each
species depends iii*a more important manner on the presence

of other already defined organic forms, than on climate
; and,

therefore, that the really governing conditions of life*do not

graduate away quite insensibly like heat or moisture.^ I

endeavoured, also, to show that intermediate varieties, from
existing in lesser numbers than the forms which they connect,

will generally be beaten out and exterminated during the

course of further modification and improvement. The main
cause, however, of innumerable intermediate links not now-

occurring everywhere throughout nature depends on the very

process of natural selection, through w-hich new %^arieties

continually take the places of and exterminate their parent-

forms. But just in proportion as this process of extermination

has acted on an enormous scale, so must the number of

intermediate varieties, which have formerly existed on the

219
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earth, be truly enormous. Why then is not every geological

formation and every stratum full of such intermediate links ?

Geology assuredly does not reveal any such finely graduated

organic chain ;
and this, perhaps, is the most obvious and

gravest objection which can be urged against my theory. The
explanation lies, as I believe, in the extreme imperfection of

the geological record.
^

In the first place it should always be borne in mjnd what
sort of intermediate forms must, on my theory, have formerly

existed. 1 have found it difficult, when looking at any two
species, to avoid picturing to myself, forms directly inter-

mediate between them. But this is a wholly false view ; we
should always look for forms intermediate between each
species and a common but unknown progenitor

; and the

progenitor will generally have differed in some respects from
all its modified descendants. To give a simple illustration

:

the fantail and pouter pigeons have both descended from the

rock-pigeon; if we possessed all the intermediate varieties

which have ever existed, we should have an extremely close

series between both and the rock-pigeon
;
but we should have

no varieties directly intermediate between the fantail and
pouter

;
none, for instance, combining a tail somewhat

expanded with a crop somewhat enlarged, the characteristic

features of these two breeds. These two breeds, moreover,

have become so much modified, that if we had no historical

or indirect evidence regarding their origin, it w^ould not have

been possible to have determined from a mere comparison of

their structure with that of the rock-pigeon, whether 'they had
descended from this species or from some other allied species,

such as C. oenas.

So yiith natural species, if we look to forms very distinct, for

instance to the horse and tapir, we have no reason to suppose

that links ever cMsted directly intermediate between them,

but between eacli and an unknowm common parent. The
common parent will have had in its whole organisation much
general resemblance to the tapir and to the horse; but in

some points: of structure may have differed considerably from
both, even perhaps more than they differ from each other.

Hence in all such cases, we should be unable to recognise

the parent-form oi any two or more species, even if we closely

compared the structure of the parent with that of its modified

descendants, unless at the same time we had a nearly perfect

chain of the intermediate links.
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It is just possible by my theory, that one of two living forms
might ha^ie descended from the other

;
for instance, a horse

from a tapir ; and in this case direct intermediate links will

have existed between them. But such a case would imply
that one form had remained for a very long period unaltered,

while its descendants had undergone a vast amount of change
;

and the principle of competition^ between organism and
organism, between child and parent, will render this a very

rare event
;
for in all cases the new and improved forms of

life will tend to supplant the old and unimproved forms.

By the theory of natural selectfon all living species have
been connected with the parent-species of each genus, by
differences not greater than we see between the varieties of

the same species at the present day
;
and these parent-species,

now generally extinct, have in their turn been similarly con-

nected with more ancient species
; and so on backwards,

always converging to the common ancestor of each great class.

So that the number of intermediate and transitional links,

between all living and extinct species, must have been incon-

ceivably great. But assuredly, if this theory be true, such
have lived upon this earth.

On the lapse of Time,—Independently of our not finding

fossil remains of such infinitely numerous connecting links,

it may be objected, that time will not have sufficed for so

great an amount of organic change, all changes having been
effected •.ery slowly through natural selection. It is hardly

possible for me even to recall to the reader, who may not be
a practical geologftt, the facts leading the mind feebly to

coniprehend the lapse of time. He who can read Sir Charles

Lyell’s grand work on the IVinciples of Geology, w^*\ch the

future historian will recognise as having produced a revolution

in natural science, yet does not admit how incomprehensibly

vast have been the past periods of time, may at once close

this volume. Not that it suffices to study the Principles of
Geology, or to read special treatises by different observers on
se[)aiate formations, and to mark ho>v each author attempts

to give an inadequnte idea of the duration of each formation

or even each stratum. A man must for years examine for

himself great piles of superimposed strata, and watch the sea

at work grinding down old rocks and making fresh sediment,

before he can hope to comprehend anything of the lapse of

time, the monuments of which we see around us.
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It is good to wander along lines of sea-coast, when formed
of moderately hard rocks, and mark the process of decradation.

The tides in most cases reach the cliffs only for a short time
twice a day, and the waves eat into them only when they are

charged with sand or pebbles
; for there is reason to believe

that pure water can effect little or nothing in wearing away
rock. At last the base of the cliff is undermined, huge
fragments fall down, ana these remaining fixed, have to be
worn away, atom by atom, until reduced in size the^ can be
rolled about by the waves, and then are more quickly ground
into pebbles, sand, or mud. But how often do we see along
the bases of retreating cliffs rounded boulders, all thickly

clothed by marine productions, showing how little they are

abraded and how seldom they are rolled about! Moreover,
if we follow for a few miles any line of rocky cliff, which is

undergoing degradjfition, we find that it is only here and there,

along a short length or round a promontory, that the cliffs

are at the present time suffering.. The appearance of the

surface and the vegetation show that elsewhere years have
elapsed since the waters w^ashed their base.

He who most closely studies the action of the sea on our

shores, will, I believe, be most deeply impressed with the

slowness with which rocky coasts are worn away. The
observations on this head by Hugh Miller, and by that

excellent obseri^er Mr. Smith of Jordon Hill, are most
impressive. With the mind thus impressed, let any one
examine beds of conglomerate many thousand feet,, in thick-

ness, which, though probably formed at a quicker rate than

many other deposits, yet, from being farmed of worn and
rounded pebbles, each of which bears the stamp of time, are

good 16 ‘ show how slowly the mass has been accumulated.

Let him remember LyelPs profound remark, that the thick-

ness and extent of sedimentary formations are the result

and measure of the degradation which the earth\s crust has

elsewhere suffered. And what an amount of degradation

is implied by the sedimentary deposits of many countries 1

Professor Ramsay has given me the maximum thickness, in

most cases from actual measurement, in a few cases from

estimate, of each formation in different parts of Great Britain
;

and this is the result;

—

Feet.

Palaeozoic s+rata (not including igneous beds) ... 57ii54
* Secondcury strata

Tertiary strata 2,240



IMPERFECTION OF GEOLOGICAL RECORD. 223

-r-tnaking altogether 72,584 feet ; that is, very nearly thirteen and
three-quaiiters British miles. Some of these formations, which
are represented in England by thin beds, are thousands of

feet in thickness on the Continent. Moreover, between each

successive formation, we have, in the opinion of most
geologists, enormously long blank periods. So that the lofty

pile of sedimentary rocks in Britain.^ gives but an inadequate

idea of the time which has elapsed during their accumulation ;

yet what time this must have consumed ! Good observers

have estimated that sediment is deposited by the great

Mississippi river at the rate of oRly 600 feet in a hundred
thousand years. This estimate may be quite erroneous

;
yet,

considering over what wide spaces very fine sediment is

transported by the currents of the sea, the process of

accumulation in any one area must be extremely slow.

But the amount of denudation which the strata have in

many places suffered, independently of the rate of accumulation

of the degraded matter, lirobably offers the best evidence of

the lapse of time. I remember having been much struck

with the evidence of denudation, when viewing volcanic

islands, which have been worn by the waves and pared all

round into perpendicular cliffs of one or two thousand feet

in height; for the gentle slope of the lava-streams, due to

their formerly liquid state, showed at a glance how far the

hard, rocky beds had once extended into the open ocean,

'rhe same story is still more plainly told by faults,—those

great criiliks along which the strata have been upheaved on
one side, 'or thrown down on the other, to the height or depth
of thousands of fet^.

;
for since the crust cracked, the surface

of the land has been so completely planed down by the

action of the sea, that no |race of these vast dislocations is

externally visible.

The Craven fault, for instance, extends for upwards of

30 miles, and along this line the vertical displacement of the

strata has varied from 600 to 3,000 feet. Prof. Ramsay has
published an account of a downthrow in Anglesea of 2,300
feet ; and he informs me that he fully believes there is one
in Merionethshire of 12,000 feet; yet in these cases there is

nothing on the surface to show^ such prodigious mov^ents

;

the pile of rocks on the one or other side having been
smoothly swept away. The consideration of these facts

impresses my mind almost in the same manner as does the

vain endeavour to grapple with the idea of eternity.
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I am tempted to give one other case, the well-known on
the denudation of the Weald. .Though it must be admi
that the denudation of the Weald has been a mere trifl<

comparison with that which has removed masses of

palaeozoic strata, in parts ten thousand feet in thickness

shown in Prof. Ramsay’s masterly memoir on this sub
Yet it is an admirable lesson to stand on the North Dc
and to look at the distant South Downs

;
for, remembe

that at no great distance to the west the northern and ^outl

escarpments meet and close, one can safely picture to one

the great dome of rocks which must have covered up
Weald within so limited a period as since the latter pai

the Chalk formation. The distance from the northern to

southern Downs is about 22 miles, and the thickness of

several formations is on an average about 1,100 feet, as I

imforined by Prof. Ramsay. But if, as some geoloj

suppose, a range of older rocks underlies the Weald, on
flanks of which the overlying sedimentary deposits m
have accumulated* in thinner masses than elsewhere,

above estimate would be erroneous
; but this source of dc

probably would not greatly affect the estimate as appliec

the western extremity of the district. If, then, w^e knew
rate at which the sea commonly wears away a line of cl if

any given height, wq could measure the time requisite

have denuded the Weald. This, of course, cannot be do
but we may, in order to form some crude notion on
subject, assume that the sea would eat into cliffs 5^0 feel

height at the rate of one inch in a century. This will at

appear much too small an allowance ; but it is the same
if we were to assume a cliff one yard in height to be ea

back along a whole line of coast at the rate of one yard

nearly every twenty-two years. 1 doubt whether any rc

even as soft as chalk, would yield at this rate excepting

the most exposed coasts ; though no doubt the degradat

of a lofty cliff would be more rapid from the breakage
the fallen fragments. On the other hand, I do not beli

that any line of coast, ten or tw^enty miles in length, e

suffers degradation at the same time along its whole inden

length f and we must remember that almost all strata cont

harder layers or nodules, which from long resisting attrit

form a breakwater at the base. Hence, under ordin

circumstances, I conclude that for a cliff 500 feet in heig

a denudation of one inch per century for the whole len^
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d be an ample allowance. At this rate, on the above
the ^ denudation of the Weald must have required

562,400 years; or say three hundred million years.
' le action of fresh water on the gently inclined Wealden

ict, when ujjraised, could hardly have been great, but it

d somewhat reduce the above estimate. On the other

1, during osf'illations of level, whjfh we know this area has
irgone, the surface may have existed for millions of years

ind, and thus have escaped the action of the sea : when
)ly submerged for perhaps equally long periods, it would,
vise, have escaped the action of®the coast-waves. So that

11 probability a far longer period than 300 million years

elapsed since the latter part of the Secondary period,

have made these few remarks because it is highly

ortant for us to gain some notion, however imperfect, of

lapse of years. During each of these years, over the
le world, the land and the water has been peopled by
s of living forms. What an infinite number of genera-

*

=i, which the mind cannot grasp, must have succeeded
i other in the long roll of years 1 Now turn to our richest

ogical museums, and what a paltry display we behold

!

'n the poorness of our PaUeontological collections .

—
'Phat our

iontological collections are very imperfect^ is admitted by

y one. The remark of that admirable palaeontologist,

late Edward Forbes, should not be forgotten, namely,
numGers of our fossil species are known and named from
le and often broken specimens, or from a few specimens
^cted on some *006 spot. Only a small portion of the
a^e of the earth has been geologically explored, and no
, with sufficient care, as, the important discoveri'eS made
ry year in Europe prove. No organism wholly soft can
preserved. Shells and bones will decay and disappear
;n left on the bottom of the sea, where sediment is not
simulating. I believe we are continually taking a most
»neous view, when we tacitly admit to ourselves that
iment is being deposited over nearly the whole bed of

^
sea, at a rate sufficiently quick to embed and preserve

il remains. Throughout an enormously large proportion
the ocean, the bright blue tint of the water bespeaks its

ity. The many cases on record of a formation con-
aably covered, after an enormous interval of time, by
ther and later formation, without the underlying bed

IS
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having suffered in the interval any wear and tear, seem ex-

plicable only on the view of the bottom of the sea aot rarely

lying for ages in an unaltered condition. The remains which
do become embedded, if in sand or gravel, will when the beds
are upraised generally be dissolved by the percolation of rain-

water. I suspect that but few of the very many animals

which live on the beacj) between high and low watermark
are preserved. For instance, the several speciesi of the

Chthamalinae (a sub-family of sessile cirripedes) coat the rocks

all over the world in infinite numbers : they are all strictly

littoral, with the exception of a single Mediterranean species,

which inhabits deep water and has been found fossil in Sicily,

vrhereas not one other species has hitherto been found in any
tertiary formation

:
yet it is now known that the genus

Chthamalus existed during the chalk period. The molluscan

genus Chiton offers a partially analogous case.

With respect to the terrestrial productions which lived

during the Secondary and Palaeozoic periods, it is superfluous

to state that our evidence from fossil remains is fragmentary

in an extreme degree. For instance, not a land shell is known
belonging to either of these vast periods, with one exception

discovered by Sir C. Lyell in the carboniferous strata of North
America. In regard to mammiferous remains, a single glance

at the historical^ table published in the Supplement to LyelPs

Manual, will bring home the truth, how accidental and rare

is their preservation, far better than pages of detail. Nor is

their rarity surprising, when we remember how lafge a pro-

portion of the bones of tertiary mammals have been discovered

either in caves or in lacustrine deposits
;
and that not a cave

or true l^acustrine bed is known belonging to the age of our

secondary or palceozoic formations.

But the imperfection in the geological record mainly results

from another and more important cause than any of the

foregoing
;
namely, from the several formations being separated

from each other by wide intervals of time. When we see

the formations tabulated in written works, or when we follow

them in nature, it is difficult to avoid believing that they

are closely consecutive. But we know, for instance, from Sir

R. Murchison’s great work on Russia, what wide gaps there

are in tftat country between the superimposed formations

;

so it is in North America, and in many other parts of the

world. The most skilful geologist, if his attention had been
exclusively confined to these large territories, would never
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have suspected that during the periods which were blank

and barrtn in his own country, great piles of sediment, charged

with new and peculiar forms of life, had elsewhere been
accumulated. And if in each separate territory, hardly any

idea can be formed of the length of time which has elapsed

between the consecutive formations, we may infer that this

could nowhere be ascertained. The frequent and great changes

in the mineralogical composition of consecutive formations,

generally implying great changes in the geography of the

surrounding lands, whence the sediment has been derived,

accords with the belief of vast intervals of time having elapsed

between each formation.

But we can, I think, see why the geological formations of

each region are almost invariably intermittent ; that is, have
not followed each other in close sequence. Scarcely any fact

struck me more when examining many hundred miles of the

South American coasts, which have been upraised several

hundred feet within the, recent period, than the absence of

any recent deposits sufficiently extensive to last for even a

short geologic^ period. Along the whole west coast, which
is inhabited by a peculiar marine fauna, tertiary beds are so

scantily developed, that no record of several successive and
peculiar marine faunas will probably be preserved to a distant

age. A little reflection will explain why along the rising coast

of the western side of South America, no extensive formations

with recent or tertiary remains can anywhere be found, though
the supply of sediment must for ages have been great, from
the enormous degradation of the coast-rocks and from muddy
streams entering die sea. The explanation, no doubt, is, that

tliq^littoral and sub-littoral deposits are continually worn away,

as soon as they are brought up by the slow and gratitial rising

of the land within the grinding action of the coast-waves.

We ma), I think, safely conclude that sediment must be
accumulated in extremely thick, solid, or extensive masses,

in order to withstand the incessant action of the waves, when
first upraised and during subsequent oscillations of level.

Such thick and extensive accumulations of sediment may be
formed in two ways

;
either, in profound depths of the sea,

in which case, judging from the researches of E. Forbes,

we may conclude that the bottom will be inhabited by
extremely few animals, and the mass when upraised will

give a most imperfect record of the forms of life which then
existed; or, sediment may be accumulated to any thickness
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and extent over a shallow bottom, if it continue slowly to

subside. In this latter case, as long as the rate of sobsidence

and supply of sediment nearly balance each other, the sea

will remain shallow and favourable for life, and thus a fossili-

ferous formation thick enough, when upraised, to resist any
amount of degradation, may be formed.

I am convinced that a|J our ancient formations, which are

rich in fossils, have thus been formed during subsidence.

Since publishing my views on this subject in 1845, ^ ^^ve
watched the progress of Geology, and have been surprised

to note how author after ^author, in treating of this or that

great formation, has come to the conclusion that it was
accumulated during subsidence. I may add, that the only

ancient tertiary formation on the west coast of South America,

which has been bulky enough to resist such degradation as

it has as yet suffered, but which will hardly last to a distant

geological age, was certainly deposited during a downward
oscillation of level, and thus gaintid considerable thickness.

All geological facts tell us plainly that each area has under-

gone numerous slow oscillations of level, and apparently these

oscillations have affected wide spaces. Consequently forma-

tions rich in fossils and sufficiently thick and extensive

to resist subsequent degradation, may have been formed
over wide spaces during periods of subsidence, but only

where the supply of sediment w^as sufficient to keep the sea

shallow and to embed and preserve the remains before they

had time to decay. On the other hand, as long as the

bed of the sea remained stationary, thick deposits could not

have been accumulated in the shallow pins, which are the

most favourable to life. Still less could this have happ^ne.d

during t'ne alternate periods of elevation; or, to speak more
accurately, the beds which were then accumulated will have

been destroyed by being upraised and brought within the

limits of the coast-action.

Thus the geological record will almost necessarily be rendered

intermittent. 1 feel much confidence in the truth of these

views, for they are in strict accordance with the general

principles inculcated by Sir C. Lyell ; and E. Forbes
independently arrived at a similar conclusion.

One remark is here worth a passing notice. During periods

of elevation the area of the land and of the adjoining shoal

parts of the sea will be increased, and new stations will often

be formed ;—all circumstances most favourable, as previously
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explained, for the formation of new varieties and species ; but
during ^ch periods there will generally be a blank in the

geological record. On the other hand, during subsidence, the

inhabited area and number of inhabitants will decrease

(excepting the productions on the shores of a continent when
first broken up into an archipelago), and consequently during

subsidence, though there will be m^ch extinction, fewer new
varieties or species will be formed; and it is during these very

periods of subsidence, that our great deposits rich in fossils

have been accumulated. Nature may almost be said to have
guarded against the frequent discovery of her transitional

or linking forms.

From the foregoing considerations it cannot be doubted
that the geological record, viewed' as a w^hole, is extremely

imperfect
;
but if we confine our attention to any one forma-

tion, it becomes tnore difficult to understand, why we do
not therein find closely graduated varieties between the allied

species which lived at its commencement and at its close.

Some cases are on record of the same species presenting

distinct varieties in the upper and lower parts of the same
formation, but, as they are rare, they may be here passed

over. Although each formation has indisputably required

a vast number of years for its deposition, I can see several

reasons why each should not include a graduated series of

links between the species which then lived
;

but I can by
no means pretend to assign due proportional weight to the

following considerations.

Although each formation may mark a very long lapse of

years, each peihaps is short compared with the period requisite

to change one species into another. I am aware that two
palaeontologists, whose opinions are worthy of much*<feference,

namely Bronn and Woodward, have concluded that the

average duration of each formation is twice or thrice as

long as the average duration of specific forms. But insuper^

able difficulties, as it seems to me, prevent us coming to

any just conclusion on this head. When we see a species

first appearing in the middle of any formation, it would be
rash in the extreme to infer that it had not elsewhere pre-

viously existed. So again when we find a species disappearing

before the uppermost layers have been deposited, it would
be equally rash to suppose that it then became wholly extinct.

We forget how small the area of Europe is compared with

the rest of the world
;
nor have the several stages of the
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same formation throughout Europe been correlated with

perfect accuracy. o

With marine animals of all kinds, we may safely infer a

large amount of migration during climatal and other changes

;

and when we see a species first appearing in any formation,

the probability is that it only then first immigrated into that

area. It is well known^ for instance, that several species

appeared somewhat earlier in the palaeozoic beds of North
America than in those of Europe

; time having apparently

been required for their migration from the American to the

European seas. In examining the latest deposits of various

quarters of the world, it has everywhere been noted, that some
few still existing species are common in the deposit, but have
become extinct in the immediately surrounding sea

;
or, con-

versely, that some are now abundant in the neighbouring

sea, but are rare or absent in this parti(^ular deposit. It is

an excellent lesson to reflect on the ascertained amount of

migration of the inhabitants of Europe during the Glacial

period, which forms only a part of one whole geological period

;

and likewise to reflect on the great changes of level, on the

inordinately great change of climate, on the prodigious lapse oi

time, all included within this same glacial period. Yet it may
be doubted whether in any quarter of the world, sedimentary

deposits, including fossil remains^ have gone on accumulating

within the same area during the whole of this period. It is

not, for instance, probable that sediment was deposited during

the whole of the glacial period near the moutfl of the

Mississippi, within that limit of depth at which marine animals

can flourish ; for we know what vast geographical changes
occurred in other parts of America during this space of time.

When such beds as were deposited in shallow water near the

mouth of the Mississippi during some part of the glacial

period shall have been upraised, organic remains will probably

first appear and disappear at different levels, owing to the

migration of species and to geographical changes. And in

*the distant future, a geologist examining these beds, might
be tempted to conclude that the average duration of life

of the embedded fossils had been less than that of the glacial

period, instead of having been really far greater, that is

extending from before the glacial epoch to the present day.

In order to get a perfect gradation between two forms in

the uppei and lower parts of the same formation, the deposit

must have gone on accumulating for a very long period, in



IMPERFECTION OF GEOLOGICAL RECORD. 231

order to have given sufficient time for the slow process of

variation^ hence the deposit will generally have to be a
very thick one

;
and the species undergoing modification will

have had to live on the same area throughout this whole
time. But we have seen that a thick fossiliferous formation

can only be accumulated during a period of subsidence

;

and to keep the depth approximiitely the same, which is

necessary in order to enable the same species to live on
the same space, the supply of sediment must nearly have
counter-balanced the amount of gubsidence. But this same
movement of subsidence will often tend to sink the area

whence the sediment is derived, and thus diminish the supply

whilst the downward movement continues. In fact, this

nearly exact balancing between the supply of sediment and
the amount of subsidence is probably a rare contingency

;

for it has been observed by more than one palaeontologist,

that very thick deposits are usually barren of organic remains,

except near their upper of lower limits.

It would seem that each separate formation, like the whole
pile of formations in any country, has generally been inter-

mittent in its accumulation. When we see, as is so often

the case, a formation composed of beds of different minera-

logical composition, we may reasonably suspect that the

process of deposition has been much interrupted, as a
change in the currents of the sea and a supply of sediment
of a dif|crent nature will generally have been due to geo-

graphicaj changes requiring much time. Nor will the closest

inspection of a ^rmation give any idea of the time which
its deposition has consumed. Many instances could be given

of -^ds only a few feet in thickness, representing fgynations,

elsewhere thousands of feet in thickness, and which must
have required an enormous period for their accumulation ;

yet no one ignorant of this fact would have suspected the

vast lapse of time represented by the thinner formation.

Many cases could be given of the lower beds of a formation
having been upraised, denuded, submerged, and then re-
covered by the upper beds of the same formation,—facts,

showing what wide, yet easily overlooked, intervals have
occurred in its accumulation. In other cases we have the

plainest evidence in great fossilised trees, still standing up-
right as they grew, of many long intervals of time and changes
of level during the process of deposition, which would never

even have been suspected, had not the trees chanced to
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have been preserved : thus, Messrs. Lyell and Dawson found
carboniferous beds 1,400 feet thick in Nova* Scotia,

with ancient root bearing strata, one above the other, at

no less than sixty-eight different levels. Hence, when the

same species occur at the bottom, middle, and lop of a

formation, the probability is that they have not lived on
the same spot during th^ whole period of deposition, but
have disappeared and reappeared, perhaps manyi times,

during the same geological period. So that if such species

were to undergo a considerable amount of modification

during any one geological period, a section would not

probably include all the fine intermediate gradations w'hich

must on my theory have existed between them, but abrupt,

though perhaps very slight, changes of form.

It is all-important to remember that naturalists have no
golden rule by which to distinguish species and varieties

;

they grant some little variability to each species, but when
they meet with a somewhat greater amount of difference

between any two forms, they rank both as species, unless

they are enabled to connect them together by close inter-

mediate gradations. And this from the reasons just assigned

we can seldom hope to effect in any one geological section.

Supposing B and C to be two species, and a third. A, to be
found in an undt^rlying bed ;

even if A were strictly inter

mediate between B and C, it wwld simply be ranked as a

third and distinct species, unless at the same time it could

be most closely connected with either one or both forms by
intermediate varieties. Nor should it be forgotten, as before

explained, that A might be the actual progenitor of B and C,

and yet, might not at all necessarily be smelly interraed’'i.te.

between them in all points of structure. So that we might

obtain the parent-sjiecies and its several modified descendants

from the lower and upper beds of a formation, and unless we
obtained numerous transitional gradations, we should not

recognise their relationship, and should consequently be

compelled to rank them all as distinct species.

It is notorious on what excessively slight differences many
palaeontologists have founded their species

;
and tliey do this

the more readily if the s[)ecimens come from different sub-

stages of the same formation. Some experienced conchologists

are now sinking many of the very fine species of D’Orbigny
and others into the rank of varieties

; and on this view we do
find the kind of evidence of change which on my theory we
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ought to find. Moreover, if we look to rather wider intervals,

namely, td distinct but consecutive stages of the same great

forniution, we find that the embedded fossils, though almost

univeu ^lly ranked as specifically different, yet are far more
closely allied to each other than are the species found in

more widely separated formations ; but to this subject I shall

have to return in the following chapter.

One other consideration is worth notice : with animals and
plants that can propagate rapidly and are not highly locomo-

tive, there is reason to suspect, as \ve have formerly seen, that

their varieties are generally at first local
; and that such local

varieties do not spread widely and supplant their parent-forms

until they have been modified and perfected in- some con-

siderable degree. According to this view, the chance of

discovering in a formation in any one country all the early

stages of transition between any two forms, is small, for the

successive changes are supposed to have been local or con-

fined to some one spot. •Most marine animals have«a wide
range

;
and we have seen that with plants it is those which

have the widest range, that oftenest present varieties
; so that

with shells and other marine animals, it is probably those

which have had the widest range, far exceeding the limits of

the known geological formations of Europe, which have
oftenest given rise, first to local varieties and ultimately to

new species
;
and this again w^oiild greatly lessen the chance

of our being able to trace the stages of transition in any
one geological formation.

It should not be forgotten, that at the present day, with

perfect specimens for examination, two forms can seldom
be* c'Minected by intermediate varieties and thus .proved
to be the same species, until many specimens have been
collected from 'many places ; and in the case of fossil species

this could rarely be effected by palaeontologists. We shall,

perhajis, best perceive the improbability of our being enabled
to connect species by numerous, fine, intermediate, fossil

links, by asking ourselves whether, for instance, geologists

at some future period will be able to prove, that our different

bi ecds of cattle, sheep, horses, and dogs have descended from
a single stock or from several aboriginal stocks ; or, again,

whether certain sea-.shells inhabiting the shores of North
America, which are ranked by some conchologists ‘ as distinct

species from their European representatives, and by other

conchologists as only varieties, are really varieties or are,
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as it is called, specifically distinct. This could be effected

only by the future geologist discovering in a ffissil state

numerous intermediate gradations; and such success seems
to me improbable in the highest degree.

Geological research, though it has added numerous species

to existing and extinct genera, and has made the intervals

between some few grovps less wide than they otherwise

would have been, yet has done scarcely anything in* breaking

down the distinction between species, by connecting them
together by numerous, fiije, intermediate varieties

;
and this

not having been effected, is probably the giavest and most
obvious of all the many objections which may be urged

against my views. Hence it will be worth while to sum up
the foregoing remarks, under an imaginary illustration. The
Malay Archipelago is of about the size of Europe from the

North Cape to the Mediterranean, and from Britain to

Russia ;
and therefore equals all the geological formations

which have been examined with* any accuracy, excepting

those of the United States of America. I fully agree with

Mr. Godwin-Austen, that the present condition of the Malay
Archipelago, with its numerous large islands separated by
wide and shallow seas, probably represents the former state

of Europe, when most of our formations were accumulating.

The Malay Archipelago is one of the richest regions of the

whole world in organic beings
;
yet if all the species were to

he collected which have ever lived there, how ipperfectly

would they represent the natural history of the world !

But we have every reason to believe^ that the terrestrial

productions of the archipelago would be preserved in an
excessi^vdy imperfect manner in the formations which- we
suppose to be there accumulating. I suspect that not many
of the strictly littoral animals, or of those which lived on
naked submarine rocks, would be embedded; and those

embedded in gravel or sand, would not endure to a distant

epoch. Wherever sediment did not accumulate on the bed
of the sea, or where it did not accumulate at a sufficient rate

to protect organic bodies from decay, no remains could be

preserved

In our archipelago, I believe that fossiliferous formations

could be formed of sufficient thickness to last to an age,

as distant in futurity as the secondary formations lie in the

past, only during periods of subsidence. These periods

of subsidence would be separated from each other by
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enormous intervals, during which the area would be either

stationary*or rising; whilst rising, each fossiliferous formation

would be destroyed, almost as soon as accumulated, by the

incessant coast-action, as we now see on the shores of South
America. During the periods of subsidence there would
probably be much extinction of life ; during the periods

of elevation, there would be much variation, but the geological

record would then be least perfect.

It may be doubted whether the duration of any one great

period of subsidence over the whol^or part of the archipelago,

together with a contemporaneous accumulation of sediment,

would exceed the average duration of the same specific forms ;

and these contingencies are indispensable for the preservation

of all the transitional graduations between any two or more
species. If such graduations were not fully preserved,

transitional varieties would merely appear as so many distinct

species. It is, also, probable that each great period of

subsidence would be interfupted by oscillations of level, and
that slight climatal changes would intervene during such
lengthy periods ; and in these cases the inhabitants of the

archijjelago would have to migrate, and no closely consecutive

record of their modifications could be preserved in any one
formation.

Very many of the marine inhabitants of Jthe archipelago

now range thousands of miles beyond its confines; and
analogy leads me to believe that it would be chiefly these

far-ranging species which would oftenest produce new
varieties

;
and the jirarieties would at first generally be local

or confined to one place, but if possessed of any decided
advantage, or when further modified and iinprove4> they

would slowly spread and supplant their parent-forms. When
such varieties returned to their ancient homes, as they would
differ from their former state, in a nearly uniform, though
perhaps extremely slight degree, they would, according to the
principles followed by many palaeontologists, be ranked as

new and distinct species.

If then, there be some degree of truth in these remarks,
we have no right to expect to find in our geological formations,

an infinite number of those fine transitional forms, which on
my theory assuredly have connected all the past and present
species of the same group into one long and branching chain
of life. We ought only to look for a few links, some more
closely, some more distantly related to each other

; and these
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links, let them be ever so close, if found in different stages

of the same formation, would, by most pal0eont(>logists, be
ranked as distinct species. But I do not pretend that I

should ever have suspected how poor a record of the

mutations of life, the best preserved geological section

presented, had not the difficulty of our not discovering
innumerable transitional links between the species which
appeared at the commencement and close of each formation,

pressed so hardly on my theory.

On the sudden appearance of whole groups of Allied
Species.—^The abrupt manner in which whole groups of species

suddenly appear in certain formations, has been urged by
several palaeontologists, for instance, by Agassiz, Pictet, and
by none more forcibly than by Professor Sedgwick, as a

fatal objection to the belief in the transmutation of species.

If numerous species, belonging to the same genera or families,

have really started into life all al once, the fact would be
fatal to the theory of descent with slow modification through

natural selection. For the development of a group of forms,

all of which have descended from some one progenitor, must
have been an extremely slow process; and the progenitors

must have lived long ages before their modified descendants.

But we conlinvally over-rate the perfection of the geological

record, and falsely infer, because certain genera or families

have not been found beneath a certain stage, that they did not

exist before that stage. We continually forget how large the

world is, compared with the area over which our geological

formations have been carefully examined
;
we forget that

group? of species may elsewhere have long existed and* J^ave

slowly multiplied before they invaded the ancient archipelagoes

of Europe and of the United States. We do not make due
allowance for the enormous intervals of time, which have

probably elapsed between our consecutive formations,

—

longer perhaps in some cases than the time required for the

accumulation of each formation. These intervals will have

given time for the multiplication of species from some one or

some few parent-forms ; and in the succeeding formation such

species will appear as if suddenly created.

I may here recall a remark formerly made, namely that it

might require a long succession of ages to adapt an organism

to some new and peculiar line of life, for instance to fly

through the air ; but that when this had been effected, and a
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few species had thus acquired a great advantage over other

organism^ a comparatively short time would be necessary to

produce many divergent forms, which would be able to spread

rapidly and widely throughout the world.

I will now give a few examples to illustrate these remarks

;

and to show how liable we are to error in supposing that

whole groups of species have suddenly been produced. I

may recall the well-known fact that in geological treatises,

published not many years ago, the great class of mammals
was always spoken of as having abruptly come in at the

commencement of the tertiary series. And now one of the

richest known accumulations of fossil mammals belongs to

the middle of the secondary series; and one true mammal
has been discovered in the new red sandstone at nearly the

commencement of this great series. Cuvier used to urge

that no monkey occurred in any tertiary stratum
; but now

extinct species have been discovered in India, South America,

and in Europe even as fat back as the eocene stage. The
most striking case, however, is that of the Whale family

; as

these animals have huge bones, are marine, and range over

the world, the fact of not a single bone of a whale having been
discovered in any secondary formation, seemed fully to justify

the belief that this great and distinct order had been suddenly
produced in the interval between the latest, secondary and
earliest tertiary formation. But now we may read in the

Supplement to Lyell’s * Manual,' published in 1858, clear

evidence the existence of whales in ijie upper greensand,

some time before t^e close of the secondary period.

I may give another instance, which from having passed

und^»;,my own eyes has much struck me. In a mei^oir on
Fossil Sessile Cirripedes, I have stated that, from the number
of existing and extinct tertiary species ; from the extraordinary

abundance of the individuals of many species all over the

world, from the Arctic regions to the equator, inhabiting

various zones of depths from the upper tidal limits to 50 fathoms
;

from the perfect manner in which specimens are preserved

in the oldest tertiary beds
;
from the ease with which even a

fragment of a valve can be recognised ; from all these circum-

stances, I inferred that had sessile cirripedes existed during

the secondary periods, they would certainly have been pre-

served and discovered; and as not one species had been
discovered in beds of this age, I concluded that this great

group had been suddenly developed at the commencement
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of the tertiary series. This was a sore trouble to me,

adding as I thought one more instance of the abrupt appear-

ance of a great group of species. But my work had hardly

been published, when a skilful paljeontologist, M. Bosquet,

sent me a drawing of a perfect specimen of an unmistakeable

sessile cirripede, which he had himself extracted from the

chalk of Belgium. Anfl, as if to make the case as striking

as possible, this sessile cirripede was a Chlhamalusi a very

common, large, and ubiquitous genus, of which not one
specimen has as yet beeij found even in any tertiary stratum.

Hence we now positively know that sessile cirripedes existed

during the secondary period
;
and these cirripedes might have

been the progenitors of our many tertiary and existing species.

The case most frequently insisted on by palceontologists

of the apparently sudden appearance of a whole group of

species, is that of the teleostean fishes, low down in the

Chalk period. This group includes the large majority of

existing species. Lately, Professer Pictet has carried their

existence one sub-stage further back ; and some palaiontologists

believe that certain much older fishes, of which the affinities

are as yet imperfectly known, are really teleostean. Assuming,
however, that the wdiole of them did a])pear, as Agassi/

believes, at the commencement of the chalk formation, the

fact would certainly be highly remarkable
; but I cannot see

that it would be an insuperable difficulty on my theory, unless

it could likewise be shown that the species of this grouji

appeared suddenly and simultaneously throiighoiif the world

at this same jieriod. It is almost superfluous to remark that

hardly any fossil-fish are known from siuth of the equator
;

and 4% running through Pictet’s Palaeontology it will be seen
that very few species are knowQ from several formatiohr in

Europe. Some few families of fish now have a confined
range

;
the teleosiean fish might formerly have had a similarly

confined range, and after having been largely developed in

some one sea, might have spread widely. Nor have we any
right to suppose that the seas of the world have always been
so freely open from south to north as they are at present.

Even at this day, if the Malay Archipelago were converted
into land, the tropical parts of the Indian Ocean would form
a large and perfectly enclosed basin, in which any great group
of marine animals might be multiplied

; and here they would
remain cenfined, until some of the species became adapted
to a cooler climate, and were enabled to double the southern



IMPERFECTION OF GEOLOGICAL RECORD. 239

capes of Africa or Australia, and thus reach other and
distant seks.

From these and similar considerations, but chiefly from
our ignorance of the geology of other countries beyond the

confines of Europe and the United States
;
and from the

revolution in our palaeontological ideas on many points, which
the discoveries of even the last doz%n years have effected, it

seems to me to be about as rash in us to dogmatize on the

succession of organic beings throughout the world, as it would
be for a naturalist to land for fiv^ minutes on some one
barren point in Australia, and then to discuss the number
and range of its productions.

On the sudden appearance of groups of Allied Species in the

lowest known fossiliferous strata.—There is another and allied

difficulty, which is much graver. I allude to the manner in

which numbers of species of the same group, suddenly appear
in the lowest known fossilifdrous rocks. Most of the arguments
which have convinced me that all the existing species of the

same group have descended from one progenitor, apply with

nearly ecjual force to the earliest known species. For instance,

I cannot doubt that all the Silurian trilobites have descended
from some one crustacean, which must have lived long before

the Silurian age, and which probably differed greatly from
any known animal. Some of the most ancient Silurian

animals, as the Nautilus, Lingula, &c., do not differ much
from living* species

; and it cannot on my theory be supposed,
that these' old species were the progenitors of all the species

of the orders to winch they belong, for they do not present

chaciU^tirs in any degree intermediate between th^gi. If,

moreover, they had been the; progenitors of these orders, they

would almost certainly have been long ago supplanted and
exterminated by their numerous and improved descendants.

Consequently, if my theory be true, it is indisputable that

before the lowest Silurian stratum was deposited, long periods

elapsed, as long as, or probably far longer than, the whole
interval from the Silurian age to the present day

;
and that

during these vast, yet quite unknown, periods of time, the

world swarmed with living creatures.

To the question why we do not find records of these vast

primordial periods, I can give no satisfactory answer. Several

of the most eminent geologists, with Sir R. Murchison
at their head, are convinced that we see in the organic
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remains of the lowest Silurian stratum the dawn of life on tl

planet. Other highly competent judges, as Lyell and the la

E. Forbes, dispute this conclusion. We should not forget th.

only a small jjortion of the world is known with accurac

M. Barrande has lately added another and lower stage to t

Silurian system, abounding with new and peculiar specie

Traces of life have be^p detected in the Longmynd be

l)eneath Barrande's so-called primordial zone. Th^ presen

of phosphatic nodules and bituminous matter in some of t

lowest azoic rocks, probaj?le indicates the former existen

of life at these periods. But the difficulty of understand!

the absence of vast piles of fossiliferous strata, which

my theory no doubt were ^idmewhere accumulated before t

Silurian epoch, is very great. If these most ancient be

had been wholly worn away by denudation, or obliterated

metamorphic action, we ought to find only small remna
of the formations next succeeding them in age, and th«

ought to be very generally in a metamorphosed conditi< .

But the descriptions w'hich we now possess of the Silur

deposits over immense terntories in Russia and in No
America, do not support the view, that the older a format
is, the more it has suffered the extremity of denudation o

metamorphism.
The case at present must remain inexplicable

; and n

be truly urged as a valid argument against the views h
entertained. To show that it may hereafter receive so

explanation, 1 will give the following hypothesis. •From
nature of the organic remains, which do not appeat to h.

inhabited profound depths, in the several formations of liLun

and ofj;[ie United States; and from the amount of sedirQ^

miles in thickness, of which th^ formations are compos
we may infer that from first to last large islands or tra

of land, whence the sediment was derived, occurred in

neighbourhood of the existing continents of Europe a

North America. But we do not know what w^as i,.

state of things in the intervals between the successive forr

tions
;
whether Europe and the United States during th«

intervals existed as dry land, or as a submarine surface n<

land, on which sediment was not deposited, or again as I

bed of an open and unfathomable sea.

Looking to the existing oceans, which are thrice as extensi
as the land, we see them studded with many islands

; but n
one oceanic island is as yet known to afford even a remna
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of any palaeozoic or secondary formation. Hence we may
perhaps ^ infer, that during the palaeozoic and secondary

periods, neither continents nor continental islands existed

where our oceans now extend ; for had they existed there,

palaeozoic and secondary formations would in all probability

have been accumulated from sediment derived from their

wear and tear; and would have l^n at least partially up-

heaved by the oscillations of level, which we may fairly

conclude must have intervened during these enormously long

periods. If then we may infer aiything from these facts, we
may infer that where our oceans now extend, oceans have
extended from the remotest period of which we have any
record

;
and on the other hand, that where continents now

exist, large tracts of land have existed, subjected no doubt to

great oscillations of level, since the earliest Silurian period.

'The coloured map appended to my volume on Coral Reefs,

led me to conclude that the great oceans are still mainly
areas of subsidence, tha great archipelagoes still areas of

oscillations of level, and the continents areas of elevation.

But have we any right to assume that things hive thus-

remained from eternity ? Our continents seem to have been
formed by a preponderance, during many oscillations of level,

of the force of elevation; but may not the areas of pre-

ponderant movement have changed in th^ lapse of ages?
At a period immeasurably antecedent to the Silurian epoch,
continents may have existed where oceans are now spread

out ; and^blear and open oceans maf have existed where our
continents now stand. Nor should we be justified in assum-
ing that if, for instance, the bed of the Pacific Ocean were
na^jeonverted into a continent, we should there figd forma-
tions older than the silurifin strata, supposing such to have
been formerly deposited ; for it might well happen that strata

which had subsicled some miles nearer to the centre of the
earth, and which had been pressed on by an enormous
weight of superincumbent water, might have undergone far

more metamorphic action than strata which have always
remained nearer to the surface. The immense areas in some
parts of the world, for instance in South America, of bare
metamorphic rocks, which must have been heated under great
pressure, have always seemed to me to require some special

explanation
;
and we may jjerhaps believe that we see in these

large areas, the many formations long anterior to the silurian

epoch in a completely metamorphosed condition.

t6
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The several difficulties here discussed, namely our not

finding in the successive formations infinitely .lurnerous

transitional links between the many species which now exist

or have existed ;
the sudden manner in which whole groups

of species appear in our European formations
;

the almost

entire absence, as at present known, of fossiliferous formations

beneath the Silurian strat^ are all undoubtedly of the gravest

nature. We see this in me plainest manner by tlje fact that

all the most eminent paleontologists, namely Cuvier, Owen,
Agassiz, Barrande, Falconer, E. Forbes, &c., and all our
greatest geologists, as LyAl, Murchison, Sedgwick, &c., have
unanimously, often vehemently, maintained the immutability

of species. But I have reason to believe that one great

authority. Sir Charles Lyell, from further reflection entertains

grave doubts on this subject. 1 feel how rash it is to differ

from these great authorities, to whom, with others, we owe
all our knowledge. Those who think the natural geological

record in any degree perfect, and ,who do not attach much
weight to the facts and arguments of other kinds given in

this volume, w'ill undoubtedly at once reject my theory. For
my part, following out Lyell’s metaphor, I look at the natural

geological record, as a history of the world imperfectly kept,

and written in a changing dialect ; of this history >ve possess

the last volume alone, relating only to two or three countries.

Of this volume, *only here and there a short chapter has been
preserved

;
and of each page, only here and there a few lines.

Each word of the slouily-changing language, in Vhich the

history is supposed to be written, being more or less different

in the interrupted succession of chapters, may represent the
apparently abruptly changed forms of life, entombed in our
consecutive, but widely se^xirated, formations. On this view,

the difficulties above discussed are greatly diminished, or
even disappear.



CHAPTER X.

On the Geological SuccEssieN of Organic Beings.

On the slow and successive appearance of new species—On their different

rates of change—Species once lost do not reappear—Groups of
species follow the same general rules in their appearance and dis-

appearance as do single species—On Extinction—On simultaneous
changes in the forms of life throughout the world— On the affinities

of extinct species to each other and to living species—On the state

of development of ancient forms—On the succession of the same types
within the same areas— Summary of preceding and present chapters.

Let us now see whether the several facts and rules relating

to the geological succession of organic beings, better accord
with the common view of the immutability of species, or with

that of their slow and gradual modification, through descent

and natural selection.

New species have appeared very slowly, one after another,

both on the land and in the waters. Lyell has shown that it

is hardly '^possible to resist the evidence on this head in the

case of the several tertiary stages
;
and every year tends to

fill up the blanks between them, and to make the percentage

system of lost and new forms more gradual. In some of the

most* recent beds, though undoubtedly of high adTiquity if

measured by years, only one or two species are Idst forms,

and only one or two are new forms, having here appeared
for the first time, either locally, or, as far as we know, on
the face of the earth. If wg may trust the observations of

l*hilippi in Sicily, the successive changes in the marine
inhabitants of that island ha\e been many and most gradual.

The secondary formations are more broken; but, as Bronn
has remarked, neither the appearance nor disappearance of

their many now extinct species has been simultaneous in each
separate formation.

Species of different genera and classes have not changed
at the same rate, or in the same degree. In the oldest

243
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teriiary beds a few living shells may still be found in the

midst of a multitude of extinct forms. Falconer has given
a striking instance of a similar fact, in an existing crocodile

associated with many strange and lost mammals and reptiles

in the sub-Himalayan deposits. The Silurian Lingula differs

but little from the living species of this genus
; whereas most

of the other Silurian Molluscs and all the Crustaceans have
changed greatly. The productions of the land seem to change
at a quicker rate than those of the sea, of which* a striking

instance has lately been observed in Switzerland. There is

some reason to believe ‘that organisms, considered high
in the scale of nature, change more quickly than those that

are low : though there are exceptions to this rule. The
amount of organic change, as Pictet has remarked, does not
strictly correspond with the succession of our geological
formations

;
so that between each two consecutive formations,

the forms of life have seldom changed in exactly the same
degree. Y^et if we compare any but the most closely related
formations, all the species will be found to have undergone
some change. When a species has once disappeared from
the face of the earth, we have reason to believe that the same
identical form never reappears. The strongest apparent
exception to this latter rule, is that of the so-called “ colonies

”

of M. Barrande, which intrude for a period in the midst of
an older formation, and then allow the pre-existing fauna to
reappear

; but LyelFs explanation, namely, that it is a case
of temporary migration from a distinct geographical province,
seems to me satisfactory.

These several facts accord well with rny -theory. I believe
in no fixed law of development, causing all the inhabitants
of a coiftitry to change abruptly, or simultaneously, or to an
equal degree. The process of modification must be extremely
slow. The variability of each species is quite independent
of that of all others. Whether such variability be taken
advantage of by natural selection, and whether the variations
be accumulated to a greater or lesser amount, thus causing
a greater or lesser amount of modification in the varying
species, lepends on many complex contingencies,—on the
variability being of a beneficial nature, on the power of
intercrossing, on the rate of breeding, on the slowly changing
physical conditions of the country, and more especially
on the nature of the other inhabitants with which the varying
species comes into competition. Hence it is by no means
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surprising that one species should retain the same identical

form mufth longer than others ; or, if changing, that it should
change less. We see the same fact in geographical dis-

tribution ^or instance, in the land-shells and coleopterous

insects of Madeira having come to differ considerably from
their nearest allies on the continent of Europe, whereas the

marine shells and birds have remjyned unaltered. We can
perhaps understand the apparently quicker rate of change in

terrestrial and in more highly organised productions compared
with marine and lower productions, by the more complex
relations of the higher beings to their organic and inorganic

conditions of life, as explained in a former chapter. When
many of the inhabitants of a country have become modified
and improved, wo can understand, on the principle of com-
petition, and on that of the many all-important relations of

organism to organism, that any form which does not become
in some degree modified and improved, will be liable to be
exterminated. Hence we can see wliy all the species in the

same region do at last, if we look to wide enough intervals

of time, become modified; for those which do not change
will become extinct.

In members of the same class the average amount of

change, during long and equal periods of time, may, perhaps,

be nearly the same ; but as the accumulation,of long-enduring

fossiliferous formations depends on great masses of sediment
having been deposited on areas w^hilst subsiding, our forma-

tions havfi been almost necessarily accumulated at wide and
irregularly intermittent intervals; consequently the amount
of organic change* exhibited by the fossils embedded in

consecutive formations is not equal. Each form^on, on
this view, does not mark a/iew and complete act of^cation,
but only an occasional scene, taken almost at hazard, in a

slowly changing drama.

We can clearly understand why a species when once lost

should never reappear, even if the very same conditions of

life, organic and inorganic, should recur. For though the

offspring of one species might be adapted (and no doubt this

has occurred in innumerable instances) to fill the exact place

of another species in the economy of nature, and thus supplant

it
;

yet the two forms—the old and the new—would not be
identically the same ;

for both would almost certainly inherit

different characters from their distinct progenitors. For

instance, it is just possible, if our fantail pigeons were all
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destroyed, that fanciers, by striving during long ages for the

same object, might make a new breed hardly distinguishable

from our present fantail ;
but if the parent rock-pigeon were

also destroyed, and in nature we have every reason \o believe

that the parent-form will generally be supplanted and ex-

terminated by its improved offspring, it is quite incredible

that a fantail, identical wi^h the existing breed, could be raised

from any other species of pigeon, or even from the other well-

established races of the domestic pigeon, for the newly-formed

fantail would be almost sui^ to inherit from its new progenitor

some slight characteristic differences.

Groups of species, that is, genera and families, follow' the

same general rules in their appearance and disappearance

as do single species, changing more or less quickly, and in

a greater or lesser degree. A group does not reappear after

it has once disappeared
;
or its existence, as long as it lasts,

is continuous. I am aware that there are some apparent

exceptions to this rule, but the ecceeptions are surprisingly

few, so few, that E. Forbes, Pictet, and Woodward (though all

strongly opposed to such views as I maintain) admit its truth
;

and the rule strictly accords with my theory. For as all

the species of the same group have descended from some
one species, it is clear that as long as any species of the

group have appeared in the long succession of ages, so long

must its members have continuously existed, in order to have
generated either new and modified or the same old and un-

modified forms. Species of the genus Lingula, foV instance,

must have continuously existed by an unbroken succession

of generations, from the lowest Silurian stratum to the present

day. , . ,

We nave seen in the last chjipter that the species of a

group sometimes falsely appear to have come in abruptly

;

and I have attempted to give an explanation of this fact, which
if true w'ould have been fatal to my views. Put such cases

are certainly exceptional
;

the general rule being a gradual

increase in number, till the group reaches its maximum, and
then, sr)oner or later, it gradually decreases. If the number
of the species of a genus, or the number of the genera of a family,

i e represeiiied by a vertical line of varying thickness, crossing
the succe.s5:ive geological formations in which the species are

tound, the line will sometimes falsely appear to begin at its

lf>\ver end, not in a sharp point, but abruptly
;

it then gradually
uii< kens upwards, sometimes keeping for a space of equal
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Uiickness, and ultimately thins out in the upper beds, marking
the decrdise and final extinction of the species. This gradual

increase in number of the species of a group is strictly con-

formable Siiith my theory ; as the species of the same genus,

and the genera of the same family, can increase only slowly

and progressively
;

for the process of modification and the

production of a number of allied ^orms must be slow and
gradual,—one species giving rise first to two or three varieties,

these being slowly converted into species, which in their turn

produce by equally slow steps other species, and so on, like

the branching of a great tree from a single stem, till the group
becomes large.

On Extinction .—^\Ve have as yet spoken only incidentally

of the disappearance of species and of groups of species.

On the theory of natural selection the extinction of old forms

and the production of new and improved forms are intimately

connected together. The old notion of all the inhabitants

of the earth having ))een swept away at successive periods

by catastrophes, is very generally given up, even by those

geologists, as Elie de Beaumont, Murchison, Barrande,

&c., who.se general views would naturally lead them to this

conclusion. On the contrary, we have every reason to believe,

from the study of the tertiary formations, Jhat species and
groups of species gradually disapjiear, one after another,

first from one spot, then from another, and finally from the

world, Both single s])ecies and whole groups of species last

for very unequal periods
; some groups, as we have seen,

having endured fr<5m the earliest known dawn of life to the

present day
;
some having disappeared before the close of

the p*al£eozoic period. No,fixed law seems to deternhne the

length of time during which any single species or any single

genus endures. There is reason to believe that the complete
extinction of the species of a group is generally a slower

process than their production ; if the appearance and dis-

appearance of a group of species be represented, as before,

by a vertical line of varying thickness, *the line is found to

taper more gradually at its upper end, which marks the

progress of extermination, than at its lower end, which
maiks the first appearance and increase in numbers of the

species. In some cases, however, the extermination of whole
groups of beings, as of ammonites towards the close of the

secondary period, has been wonderfully sudden.
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The whole subject of the extinction of species has been

involved in the most gratuitous mystery. Some auAiors have

even supposed that as the individual has a definite length of

life, so have species a definite duration. No one.THhink can

have marvelled more at the extinction of species, than I have

done. When I found in La Plata the tooth of a horse

embedded with the re!j;iains of Mastodon, Megatherium,

'Foxodon, and other extinct monsters, w^hich all
,
co-existed

with still living shells at a very late geological period, I was
filled with astonishment ;

for seeing that the horse, since its

introduction by the Spaniards into South America, has run

wild over the whole country and has increased in numbers
at an unparalleled rate, I asked myself what could so recently

have exterminated the former horse under conditions of life

apparently so favourable. But how utterly groundless was
my astonishment ! Professor Owen soon perceived that the

tooth, though so like that of the existing horse, belonged to

an extinct species. Plad this horse been still living, but in

some degree rare, no naturalist would have felt the least

surprise at its rarity
;

for rarity is the attribute of a vast

number of species of all classes, in all countries. If we ask

ourselves why llu's or that species is rare, we answer that

something is unfavourable in its conditions of life
;
but what

that something is^ v\e can hardly ever tell. On the supposition

of the fossil horse still existing as a rare species, wx might
have felt certain from the analogy of all other mammals, even
of the slow-breeding elephant, and from the hisfory of the

naturalisation of the domestic horse in South America, that

under more favourable conditions it would *in a very few years

have stocked the whole continent. P.ut we could not^ have
told wlfat the; unfavourable condiyons were which checked its

increase, w^hether some one or several contingencies, and at

what period of the horse’s life, and in what degree, they
severally acted. If the conditions had gone on, however
slowly, becoming less and less favourable, we assuredly should
not have perceived the fact, yet the fossil horse would
certainly have become rarer and rarer, and finally extinct ;

—

its place being seized on by some more successful competitor.
It is most difficult always to remember that the increase

of every living being is constantly being checked by un-
perceived injurious agencies; and that these same unperceived
agencies are amply sufficient to cause rarity, and finally

extinction. We see in many cases in the more recent tertiary
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formations, that rarity precedes extinction
; and we know

that this ^las been the progress of events with those animals
which have been exterminated, either locally or wholly,

through Kan’s agency. I may repeat what I published in

1845, namely, that to admit that species generally become
rare before they become extinct— to feel no surprise at th*^

rarity of a species, and yet to maryel greatly when it ceases

to exist, is much the same as to admit that sickness in the

individual is the forerunner of death—to feel no surprise

at sickness, but when the sick man dies, to wonder and to

suspect that he died by some unknown deed of violence.

The theory of natural selection is grounded on the belief

that each new variety, and ultimately each new species, is

produced and maintained by having some advantage over

those with which it comes into competition
;
and the con-

sequent extinction of less-favoured forms almost inevitably

follows. It is the same with our domestic productions : when
a new and slightly imprgved variety has been raised, it at

first supplants the less improved varieties in the same
neighbourhood; when much improved it is transported far

and near, like our short-horn cattle and takes the place of

other breeds in other countries. I'hus the appearance of new
forms and the disappearance of old forms, both natural and
artificial, are bound together. In certain flourishing groups,

the number of new specific forms which have been produced
within a given time is probably greater than that of the old

forms whifli have been exterminated; but we know that the

number species has not gone on indefinitely increasing,

ai least during th& later geological periods, so that looking

to later limes we may believe that the production of new
forms* has caused the extinction of about the same^umber
of old forms.

'^rhe competition will generally be most severe, as formerly

explained and illustrated by examples, between the forms

which are most like each other in all respects. Hence the

improved and modified descendants of a species will generally

cause the extermination of the parent-species
;
and if many

new forms have been developed from any one species, the

nearest allies of that species, i.t. the species of the same
genus, will be the most liable to extermination. Thus, as I

believe, a number of new species descended from one species,

that is a new genus, comes to supplant an old genus, belonging

to the same family. But it must often have liappened that a
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new species belonging to some one group will have seized on

the place occupied by a species belonging , to a distirfct group,

and thus caused its extermination ;
and if many allied forms

be developed from the successful intruder, many have to

yield their places ;
and it will generally be allied forms, which

wdll suffer from some inherited inferiority in common. But

whether it be species belj)nging to the same or to a distinct

class, which yield their places to other species W|hich have

been modified and improved, a feiv of the sufferers may often

long be preserved, from being fitted to some peculiar line of

life, or from inhabiting fome distant and isolated station,

where they have escaped severe competition. For instance, a

single species of Trigonia, a great genus of shells in the

secondary formations, survives in the Australian seas
;
and a

few members of the great and almost extinct group of Ganoid
fishes still inhabit our fresh waters. 'I'herefore the utter

extinction of a group is generally, as ive have seen, a slower

process than its production. *

With respect to the apparently sudden extermination of

vrhole families or orders, as of Trilobites at the close of the

palaeozoic period and of Ammonites at the close of the secondary

period, we must remember what has been already said on
the probable wide intervals of time between our consecutive

formations ; and^in these intervals there may have been much
slow extermination. Moreover, when by sudden immigration

or by unusually rapid development, many species of a new
group have taken possession of a new area, the>^will have
exterminated in a correspondingly rapid manner many of the

old inhabitants
;
and the forms which thu^ yield their places

will commonly be nilied, for they will partake of ^some
inferiority in comn on.

Thus, as it seems lu me, the manner in which single species

and whole groups of species become extinct, accords well

with the theory of natural selection. We need not marvel at

extinction
;

if we must marvel, let it be at our presumption in

imagining for a moment that we understand the many complex
contingencies, on which the existence of each species depends.
If we foiget for an instant, that each species tends to increase
inordrnat* ly, and that some check is alw'ays in action, yet
seldom perceived by us, the whole economy of nature wall be
utterly obscured. Whenever we can precisely say why this

species is more abundant ia individuals than that; why this

species and not another can be naturalised in a given country
;
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then, and not till then, we may justly feel surprise why we
cannot a?count for. the extinction of this particular species or

group of^ecies.

On the 'Forms of Life changing almost simultaneously

throughout the World.—Scarcely any palaeontological discovery

is more striking than the fact, that the forms of life change
almost simultaneously throughout the world. Thus our

European Chalk formation can be recognised in many distant

parts of the world, under the mo^ different climates, where
not a fragment of the mineral chalk itself can be found;
namely, in North America, in equatorial South America,

in Tierra del Fuego, at the Cape of Good Hope, and in

the peninsula of India. For at these distant points, the

organic remains in certain beds present an unmistakcable

degree of resemblance to those of the Chalk. It is not

that the same species are met with
;

for in some cases not

one species is identically* the same, but they belong to the

same families, genera, and sections of genera, and sometimes
are similarly characterised in such trifling points as mere
^superficial sculpture. Moreover other forms, which are not

iduiTcl in the Chalk of Europe, but which occur in the for-

mations either above or below, are similarly absent at these

rlistant points of the world. In the sc;veral successive

jialteozoic foimations of Russia, Western Europe and North
America, a similar parallelism in the forms of life has been
observctl Itiy several authors ; so it is,* according to Lyell,

with the several
^
European and North American tertiary

deiiosiis. Everi if the few fossil species which are common
to thq Old and New Vi'orlds be kept wholly out of jdew, the

general parallelism in the successive forms of life, in the

stages of the widely separated palaeozoic and tertiary periods,

would still be manifest, and the several formations could
be easily correlated.

'I'hese observations, however, relate to the marine in-

habitants of distant parts of the world : we have not sufficient

data to judge whether the productions of the land and of

fresh water change at distant points in the same parallel

manner. AVe may doubt whether they have thus changed :

if the Megatherium, Mylodon, Macrauchenia, and Toxodon
had been brought to Europe from La Plata, without any
information in legard to their geological position, no one
would have suspected that they had coexisted with still living
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sea-shells
;
but as these anomalous monsters coexisted with the

Mastodon and Horse, it might at least have beeh inferred

that they had lived during one of the later tertiary stages.

When the marine forms of life are spoken o^f^ks having

changed simultaneously throughout the world, it must not be
supposed that this expression relates to the same thousandth

or hundred-thousandth yfar, or even that it has a very strict

geological sense; for if all the marine animals wh^lch live at

the present day in Europe, and all those that lived in Europe
during the pleistocene period (an enormously remote period

as measured by years, including the whole glacial epoch),

were to be compared with those now living in South America
or in Australia, the most skilful naturalist would hardly be
able to say whether the existing or the pleistocene inhabitants

of Europe resembled most closely those of the Southern
hemisphere. So, again, several highly competent observers

believe that the existing productions of the United States

are more closely related to those which lived in Europe
during certain later tertiary stages, than to those which now
live here ;

and if this be so, it is evident that fossiliferous beds
deposited at the present day on the shores of North America
would hereafter be liable to be classed with somewhat oiaer

European beds. Nevertheless, looking to a remotely future

epoch, there can, I think, be little doubt that all the more
modern marhie formations, namtly, the upper pliocene, the

l)leistocene and strictly modern beds, of Europe, North and
South America, and ^Australia, from containing foS^il remains
in some degree allied, and from not including those forms
which are only found in the older underlying deposits, would
be correctly ranked as simultaneous in a geological sense.

The^act of the forms of life ^changing simultaneously, in

the above large sense, at distant parts of the world, has greatly

struck those admirable observers, MM. de Verneuil and
d’Archiac. After referring to the parallelism of the palajozoic

forms of life in various parts of Europe, they add, “ If struck

by this strange sequence, we turn our attention to North
America, and there discover a series of analogous phenomena,
it will appear certain that all these modifications of species,

their extinction, and the introduction of new ones, cannot
be owing to mere changes in marine currents or other causes
more or less local and temporary, but depend on general

laws which govern the whole animal kingdom.” M. Barrandc
has made forcible remarks to precisely the same effect. It
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is, indeed, quite futile to look to changes of currents, climate,

or other physical conditions, as the cause of these great

mutations in the forms of life throughout the world, under
the most v^i^crent climates. We must, as Barrande has

remarked, look to some special law. We shall see this more
clearly when we treat of the present distribution of organic

beings, and find how slight is the relation between the

physical conditions of various counFries, and the nature of

their inhabitants.

This great fact of the parallel succession of the forms of

life throughout the world, is explicable on the theory of natural

selection. New species are formed by new varieties arising,

which have some advantage over older forms; and those

forms, which are already dominant, or have some advantage
over the other forms in their own country, would naturally

oftenest give rise to new varieties or incipient species
;
for

these latter must be victorious in a still higher degree in

order to be preserved anj^ to survive. We have distinct

evidence on this head, in the plants which are dominant, that

is, which are commonest in their own homes, and are most
widely diffused, having produced the greatest number of new
Tarw^tias. It is also natural that the dominant, varying, and
far-spreading species, which already have invaded to a certain

extent the territories of other species, should be those which
would have the best chance of spreading still further, and
of giving rise in new' countries to new varieties and species,

'Fhe prucc« of diffusion may often be very slow, being
dependenton cliniaial and geographical changes, or on strange

accidents, but in rtie long run the dominant forms will

generally succeed in spreading. The diffusion would, it is

probable, be slower with the terrestrial inhabitants of^stinct
continents than with the mafine inhabitants of the continuous

sea. We might therefore expect to find, as we apparently

do find, a less strict degree of parallel succession in the

productions of the land than of the sea.

Dominant species spreading from any region might en^
counter still more dominant species, and then their triumphant
course, or even their existence, would cease. We know not

at all precisely what are all the conditions most favourable

for the multiplication of new and dominant species; but we
can, I think, clearly see that a number of individuals, from
giving a better chance of the appearance of favourable

variations, and that severe competition with many already
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existing forms, would be highly favourable, as would be the

power of spreading into new territories-. A certain amount
of isolation, recurring at long intervals of time, would probably

be also favourable, as before explained. Oivr*'quarter of

the world may have been most favourable for the production

of new and dominant species on the land, and another for

those in the waters of th^i sea. If two great regions had been
for a long period favourably circumstanced in an equal degree,

whenever their inhabitants met, the battle would be prolonged
and severe; and some from one birthplace and some from
the other might be victorious. But in the course of time, the

forms dominant in the highest degree, wherever produced,

would tend everywhere to prevail. As they prevailed, they

would cause the extinction of other and inferior forms; and
as these inferior forms would be allied in groups by inheritance,

whole groups would tend slowly to disappear
;
though here

and there a single member might long be enabled to survive.

Thus, as it seems to me, the paiallel, and, taken in a large

sense, simultaneous, succession of the same forms of life

throughout the world, accords well with the principle of new
species having been formed by dominant species spreading

widely and varying; the new species thus produced ‘being

themselves dominant owing to inheritance, and to having

already had some advantage over their parents or over other

species
;
these again spreading, varying, and producing new

species. The forms which are beaten and which yield their

places to the new and victorious forms, will generally be allied

in groups, from inheriting some inferiority in common; and
therefore as new and improved groups spread throughout

the world, old groups will disappear from the world
; and the

succession of forms in both ways will everywhere tend to

correspond.

There is one other remark connected with this subject worth
making. I have given my reasons for believing that all our

greater fossiliferous formations were deposited during periods
' of subsidence

;
and that blank intervals of vast duration

occurred during the periods when the bed of the sea was
either stationary or rising, and likewise when sediment was
not thrown down quickly enough to embed and preserve

organic remains. During these long and blank intervals I

suppose that the inhabitants of each region underwent a con-

siderable amount of modification and extinction, and that

there v/as much migration from other parts of the world. As
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we have reason to believe that large areas are affected by the*

same movement, it js probable that strictly contemporaneous
formations have often been accumulated over very wide spaces

in the samo^^uarter of the world ; but we are far from having

any right to conclude that this has invariably been the case,

and that large areas have invariably been affected by the same
movements. W'hen two formations have been deposited in

two regions during nearly, but nc. exactly the same period, we
should find in both, from the causes explained in the fore-

going paragraphs, the same general succession in the forms of

life
;
but the species would not exa&ly correspond

;
for there

will have been a little more time in the one region than in the

other for modification, extinction, and immigration.

I suspect that cases of this nature have occurred in Europe.
Mr. Prestwich, in his admirable Memoirs on the eocene
deposits of England and France, is able to draw a close

general parallelism between the successive stages in the two
countries

;
but when he ccuiipares certain stages in England

with those in France, although he finds in both a curious

accordance in the numbers of the species belonging to the

same genera, yet the species themselves differ in a manner
vej> difficult to account for, considering the proximity of the

two areas,—unless, indeed, it be assumed that an isthmus

separated two seas inhabited by distinct, but contemporaneous,
faunas. Lyell has made similar observations on some of the

later tertiary formations. Barrande, also, shows that there is

a striking gtsheral parallelism in the successive Silurian deposits

of Bohemia and Scandinavia; nevertheless he finds a sur-

prising amount of difference in the species. If the several

formations in these regions have not been deposited during

the same exact periods,—
a^

formation in one regioi?*often

corresponding with a blank interval in the other,—and if in

both regions the species have gone on slowly changing during

the accumulation of the several formations and during the

long intervals of time between them ; in this case, the several

formations in the two regions could be arranged in the sam^
order, in accordance with the general succession of the form
of life, and the order would falsely appear to be strictly

parallel ; nevertheless the species vrould not all be the same
in the apparently corresponding stages in the two regions.

Oft the Affinities of extinct Species to each other
^
and to

living —Let us now look to the mutual affinities of
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'^extinct and living species. They all fall into one grand nat

system
;
and this fact is at once explained on the principL

descent. The more ancient any form is, the more, :

general rule, it differs from living forms. But, Fta Buck
long ago remarked, all fossils can be classed either in

existing groups, or between them. That the extinct forn

life help to fill up the v^ide intervals between existing gei

families, and orders, cannot be disputed. For jif we co
our attention either to the living or to the extinct alon<

series is far less perfect than if we combine both int(

general system. With respect to the Vertebrata, whole
could be filled with striking illustrations from our
palaeontologist, Owen, showing how extinct animals fa

between existing groups. Cuvier ranked the Ruminant5
Pachyderms, as the two most distinct orders of mamj
but Owen has discovered so many fossil links, that h
had to alter the whole classification of these two orders

has placed certain pachyderms in the same sub-order
ruminants : for example, he dissolves by fine gradations

apparently wide difference between the pig and the c?

In regard to the Invertebrata, Barrande, and a h
authority could not be named, asserts that he is

taught that palosozoic animals, though belonging to the

firders, families^ or ^nera with those living at the presen-

were not at this early epoch limited in such distinct g
as they now are.

Some writers have objected to any extinct species or
of species being considered as intermediate between
species or groups. If by this term it is meant that an e

form i.^ directly intermediate in all its characters betweei
living forms, the objection is probably valid. But I appre
that in a perfectly natural classification many fossil sf

would have to stand between living species, and some e

genera between living genera, even between genera belo

to distinct families. The most common case, especialb

-^pect to very distinct groups, such as fish and re

seems to be, that supposing them to be distinguished i

j)reseiit day from each other by a dozen characters, the ai

members of the same two groups would be distinguish*

a somtiwhat lesser number of characters, so that tlu

groups, though formerly quite distinct, at that jieriod

some small approach to each other.

It ir a common belief that the more ancient a form i
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much the more it tends to connect by some of its characters

)ups n<Jw widely jj^parated from each other. This remark
doubt must be restricted to those groups which have

dergonc'^uch change in the course of geological ages; and
would be difficult t|) prove the truth of the proposition, for

ery now and then even a living animal, as the Lepidosiren,

discovered having affinities directj^d towards very distinct

5ups. Yet if we compare the older Reptiles and Batrachians,
; older Fish, the older Cephalopods, and the eocene
ammals, with the more recent meijibers of the same classes,

! must admit that there is some truth in the remark.
Let us see how far these several facts and inferences accord
th the theory of descent with modification. As the subject

somewhat complex, I must request the reader to turn
the diagram in the fourth chapter. We may suppose that

5 numbered letters represent genera, and the dotted lines

/erging from them the species in each genus. The diagram
much too simple, too few genera and too few species being
^en, but this is unimportant for us. The horizontal lines

ly represent successive geological formations, and all the

ms beneath the uppermost line may be considered as

Blletf The three existing genera, will form a

lall family ; and a closely allied family or sub-family

;

d a third family. These three fftmilies, together

th the many extinct genera on the several lines of descent
wging frjirn the parent-form A, will form an order; for all

>1 have inherited something in common from their ancient

d comidor progenitor. On the principle of the continued
idency to divergence of character, which was formerly

istrated by this diagram, the more recent any forn^is, the

>re it will generally di%r from its ancient progenitor,

mce we can understand the rule that the most ancient
sils differ most from existing forms. We must not,

wever, assume that divergence of character is a necessary

itingency
;

it depends solely on the descendants from a
;cies being thus enabled to seize on many and differeflifci

ces in the economy of nature. Therefore it is quite

ssible, as we have seen in the case of some Silurian forms,

t a species might go on being slightly modified in relation

its slightly altered conditions of life, and yet retain through-

: a vast period the same general characteristics. This is

resented in the diagram by the letter

\11 the many forms, extinct and recent, descended from A,

X7
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make, as before remarked, one order; and this order, from
the continued effects of extinction and di^Jergence of^character,

has become divided into several sub-families and families,

some of which are supposed to have perished X different

periods, and some to have endured to the present day.

By looking at the diagram we can see that if many of the

extinct forms, su] p^secl^ to be embedded in the successive

formations, w^ere discovered at several points low down in the

series, the three existing families on the uppermost line would
be rendered less distinct from each other. If, for instance,

the genera a^y a^^y /®, ///®, ;;/®, were disinterred, these

three families would be so closely linked together that they

probably would have to be united into one great family, in

nearly the same manner as has occurred with ruminants
and pachyderms. Yet he who objected to call the extinct

genera, which thus linked the living genera of three families

together, intermediate in character, would be justified, as they

are intermediate, not directly, but only by a long and cir-

cuitous course through many widely different forms. If many
extinct forms were to be discovered above one of the middle
horizontal lines or geological formations—for instance, above
No. VI.—but none from beneath this line, then only th^

families on the left hand (namely, &c., and /A^y &c.)

would have to l^e united into one family
;
and the two other

families (namely, to now including five genera, and
to pi^^) would yet remain distinct. These two families,

however, would be less distinct from each oth&f than they

were before the discovery of the fossils. If, for instance, w^e

suppose the existing genera of the two families to differ from
each ot]jer by a dozen characters, in this case the genera, at

the eifjy period marked VI., would differ by a lesser number
of characters

;
for at this early stage of descent they have not

diverged in character from the common progenitor of the

order, nearly so much as they subsequently diverged. Thus
it comes that ancient and extinct genera are often in some

^^-'^ight degree intermediate in character between their modified
descendants, or between their collateral relations.

In nature the case will be far more complicated than is

represented in the diagram; for the groups will have been
more numeious, they will have endured for extremely unequal
lengths of time, and will have been modified in various

degrees. As we possess only the last volume of the geological

record, and that in a very broken condition, we have no right
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to expect, except in very rare cases, to fill up wide intervals

in the natural system, and thus unite distinct families or

orders. All that we have a right to expect, is that those

groups, whj’ih have within known geological periods undergone
much modification, Ihould in the older formations make some
slight approach to each other; so that the older members
should differ less from each other in some of their characters

than do the existing members of the same groups
; and this

by the concurrent evidence of our best palaeontologists seems
frequently to be the case. c

Thus, on the theory of descent with modificatiort, the main
facts with respect to the mutual affinities of the extinct forms

of life to each other and to living forms, seem to me explained

in a satisfactory manner. And they are wholly inexplicable

on any other view.

On this same theory, it is evident that the fauna of any
great period in the earth’s history will be intermediate in

general character between that which preceded and that

which succeeded it. 'Phus, the species which lived at the

sixth great stage of descent in the diagram are the modified

offspring of those which lived at the fifth stage, and are the

parehTs of those which became still more modified at the

seventh stage
;
hence they could hardly fail to be nearly

intermediate in character between the forms of life above
and below. We must, however, allow for the entire extinction

of some p^^ereding forms, and for the coining in of quite new
forms by immigration, and for a large amount of modification,

during the long zyid blank intervals between the successive

formations. Subject to these allowances, the fauna of each
geological period undoubtedly is intermediate in iiharacter,

between the preceding and succeeding faunas. I need give

only one instance, namely, the manner in which the fossils

of the Devonian system, when this system was first discovered,

were at once recognised by palaeontologists as intermediate

in character between those of the overlying carboniferous,

and underlying Silurian system. But each fauna is

necessarily exactly intermediate, as unequal intervals of time
have elapsed between consecutive .formations.

It is no real objection to the truth of the statement,

that the fauna of each period as a whole is nearly inter-

mediate in character between the preceding and succeeding

faunas, that certain genera offer exceptions to the rule.

For instance, mastodons and elephants, when arranged by
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I5r. Falconer in two series, first according to their mutual
affinities and then according to their periods of Existence,

do not accord in arrangement. The ispecies extreme in

character are not the oldest, or the most recepjt nor are

those which are intermediate in character, intermediate in

age. Bui supposing for an instant, in this and other such

cases, that the record of the first appearance and disappear-

ance of the species was perfect, we have no reason to belitive

that forms successively produced necessarily endure tor

corresponding lengths of time: a very ancient form might
occasionally last much longer than a form elsewhere subse-

quently produced, especially in the case of terrestrial pro-

ductions inhabiting separated districts. To compare small

things with great : if the principal living arid extinct races

of the domestic pigeon were arranged as well as they could

be in serial affinity, this arrangement would not closely

accord with the order in time of their production, and still

less with the order of their disappearance; for the parent

rock-pigeon now lives; and many varieties between the

rock-pigeon and the carrier have become extinct
;
and carriers

which are extreme in the important character of length of

beak originated earlier than short-beaked tumblers, -wiiiLri

are at the opposite end of the series in this same respect.

Closely connected with the statement, that the organic

remains from an intermediate formation are in some degree
intermediate in character, is the fact, insisted on by all

palaeontologists, that fossils from two consecutive formations
are far more closely related to each other, than' are the

fossils from two remote formations. l^ictet gives as a

well-known instance, the general resemblance of the organic

remain^rom the several stages of the chalk formation, tliough

the species arc distinct in each stage. This fact alone,

from its generality, seems to have shaken Professor Pictet

in his firm belief in the immutability of species. He who
is acquainted with the distribution of existing species over

will not attempt to account for the close re-

semblance of the distinct species in clo.sely consecutive

formations, by the physical conditions of the ancient areas

having remained nearly the saAe. Let it be remembered
that the forms of life, at least those inhabiting the sea, have
changed almost simultaneously throughout the world, and
therefore under the most different climates and conditions.

Consider the prodigious vicissitudes of climate during the
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pleistocene period, which includes the whole glacial period,

and note how little the specific forms of the inhabitants of

the sea have beeil affected.

On the ^ theory lof descent, the full meaning of the fact

of fossil remains f|om closely consecutive formations, though

ranked as distinct species, being closely related, is obvious.

As the accumulation of each fjjrmation has often been
interrupted, and as long blank intervals have intervened

between successive formations, we ought not to expect to

find, as I attempted to show in the last chapter, in any
one or two formations all the intermediate varieties between
the species which appeared at the commencement and close

of these periods; but we ought to find after intervals, very

long as measured by years, but only moderately long as

measured geologically, closely allied forms, or, as they have
been called by some authors, representative species; and
these we assuredly do find. We find, in short, such evidence

of the slow and scarcely sensible mutation of specific forms,

as we have a just right to expect to find.

On the state of Development of Ancient Forms,—There
lias "been much discussion whether recent forms are more
highly developed than ancient. I will not here enter on
this subject, for naturalists have not as y^t defined to each
other's satisfaction what is meant by high and low forms.

But in one particular sense the more recent forms must,

on my tneory, be higher than the more ancient
;
for each

new splecies is formed by having had some advantage in

the struggle for life over other and preceding forms. If under
a nearly similar climate, the eocene inhabitants of qpe quarter

of tl\e world were put ir^o competition with the existing in-

habitants of the same or some other quarter, the eocene fauna

or flora would certainly be beaten and exterminated
;
as would

a secondary fauna by an eocene, and a palaeozoic fauna by a

secondary fauna. I do not doubt that this process of improve-

ment has affected in a marked and sensible manner the

sation of the more recent and victorious forms of life, in

comparison with the ancient and beaten forms
; but I can sec

no way of testing this sort of progress. Crustaceans, for in-

stance, not the 'highest in their own class, may have beaten
the highest molluscs. From the extraordinary manner in

which European productions have recently spread over New
Zealand, and have seized on places which must have been
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previously occupied, we may believe, if all the anirnals and
plants of Great Britain were set free m Nfw Zealand, that in

the course of time ^ multitude of British Wms would become
thoroughly naturalised there, and would cP.termina^.c many of

the natives. On the other hand, fromVwhat w-e see now
occurring in New Zealand, and from hardly a single inhabitant

of the southern hemisjihefe having become wuld in any part

of Europe, we may doubt, if all the productions of Nejiv

Zealand were set free in Great Britain, whether any consider-

able number would be enabled to seize on places now occupied
by our native plants and animals. Under this point of view,

the productions of Great Britain may be said to he higher

than those of New Zealand. Yet the most skilful naturalist

from an examination of the species of the two countries could
not have foreseen this result.

Agassiz insists that ancient animals resemble to a certain

extent the embryos of recent animals of the same classes
;
or

that the geological succession of e.ttinct forms is in some
degree parallel to the embryological development of recent

forms. I must follow Pictet and Huxley in tliinking that the

truth of this doctrine is very far from proved. Yet I fully^

expect to see it hereafter confirmed, at least in regafTT to

subordinate groups, which have branched off from each other

within comparatively recent limes. For this doctrine of

Agassiz accords well with the theory of natural selection. In

a future chapter 1 shall attempt to show that the a^Jplt differs

from its embryo, owing to variations supervening at a not
early age, and being inherited at a corresponding age. This
process, whilst it leaves the embryo almost unaltered, con-
tinually ^ds, in the ccuise of successive gcneiaiions, i?iore

and more difference to the adult. •

Thus the embiyo comes to be left as a sort of picture, pre-

served by natiire, of the ancient and less modified condition

of each aiiimal. This view may be true, and yet it may never
be capable of lull proof. Seeing, for instance, that the oldest

mammals, reptiles, and fish strictly belong to their own
proper classes, though some of these old forms are in a slight

degree less distinct from each other than are the typical

members of ihe same groups at the present day, it would be
vain to look for animals having the common embryological
character of the Vertebrata, until beds far beneath the lowest
Silurian strata are discovered—a discovery of which the chance
is very small.
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On the Succesmm of the same Types within the same areas,

durine; fiie later tertiary periods,—Mr. Cliff many years ago
showed that the fefesil mammals from the Australian caves

were closely^ allied 1» the living marsupials of that continent.

In South America, tL similar relationship is manifest, even to

an uneducated eye, in the gigantic pieces of armour like those

of the armadillo, found in several parts of La Plata
;
and

Professor Owen has shown in the most striking manner that

most of the fossil mammals, buried there in such numbers, are

related to South American types. This relationship is even
more clearly seen in the wonderful collection of fossil

bones made by MM. Lurid and Clausen in the caves of

Brazil. I was so much impressed with these facts that I

strongly insisted, in 1839 and 1845, “law of the

succession of types,”—on “ this wonderful relationship in the

same continent between the dead and the living.” Professor

Owen has subsequently extended the same generalisation to

the mammals of the Old ''Vorld. We see the same law in this

author’s restorations of the extinct and gigantic birds of New
Zealand. We see it also in the birds of the caves of Brazil.

Mr. Woodward has shown that the same law holds good with

sea ::I«lls, but from the wide distribution of most genera of

molluscs, it is not well displayed by them. Other cases could

be added, as the relation between the extinct^ and living land-

shells of Madeira ; and betw'een the extinct and living brackish-

water-shells of the Aralo-Caspian Sea.

Now wnat does this remarkable law of the succession of

the same types within the same areas mean ? He would be
a bold man, who after comparing the present climate of

Australia and of parts of South America under the same
latitude, would attempt to account, on the one n*nd, by
dissimilar physical conditions for the dissimilarity of the in-

habitants of these two continents, and, on the other hand, by
similarity of conditions, for the uniformity of the same types

in each during the later tertiary periods. Nor can it be pre-

tended that it is an immutable law that marsupials shw^d
have been chiefly or solely produced in Australia; or that

Edentata and other American types should have been solely

produced in South America. For we know that Euiope in

ancient times was peopled by numerous marsupiaL, and I

have shown in the publications above alluded to, that in

America the law of distribution of terrestrial mammals was
formerly different from what it now is. North America
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formerly partook strongly of the present character of the

southern half of the continent
;
and the southern ^half was

formerly more closely allied, than it islat present, to the

northern half. In a similar manner we Lnow from Falconer

and Cautley’s discoveries, that northern iTndia was formerly

more closely related in its mammals to ’Africa than it is at

the present time. Analojjpus facts could be given in relation

to the distribution of marine animals.

On the theory of descent with modification, the great law of

the long enduring, but not immutable, succession of the same
types within the same areas, is at once explained

;
for the in-

habitants of each quarter of the world will obviously tend to

leave in that quarter, during the next succeeding period of
time, closely allied though in some degree modified descen-

dants. If the inhabitants of one continent formerly differed

greatly from those of another continent, so will their modified
descendants still differ in nearly the same manner and
degree. But after very long intervals of time and after great

geographical changes, permitting much inter-migration, the

feebler will yield to the more dominant forms, and there

will be nothing immutable in the laws of past and present

distribution.

It may be asked in ridicule, whether I suppose that the

megatherium ancj other allied huge monsters have left behind
them in South America the sloth, armadillo, and anteater, as

their degenerate descendants. This cannot for an instant be
admitted. These huge animals have become whifelly extinct,

and have left no progeny. But in the caves of Brazil, there

are many extinct species which are closely allied in size and
in other j^haracters to the species still living in South America ;

and softie of these fossils may be the actual progenitdrs of

living species. It must not be forgotten that, on my theory, all

the species of the .same genus have descended from some one
species ; so that if six genera, each having eight species, be
found in one geological formation, and in the next succeeding

jjpsgffiation there be six other allied or representative genera
with the same number of species, then we may conclude
that only one .species of each of the six older genera has

left modified dej'cendants, constituting the six new genera.

The other seven species of the old genera have all died out

and have left no progeny. Or, which would probably be a

far commoner case, two or three species of two or three

alone of the six older genera wnll have been the parents of the
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six new genera

;
me other old species and the other whole

genera living became utterly extinct. In failing orders,

with the genera aj^id species decreasing in numbers, as

apparently is the Ci^e of the Edentata of South America,
still fewer genera a? d species will have left modified blood-

descendants.
"

Summary of the preceding and present Chapters.— I have
attempted to show that the geological record is extremely

imperfect; that only a small portion of the globe has been
geologically explored with care; that only certain classes of

organic beings have been largely preserved in a fossil state
;

that the number both of specimens and of species, preserved

in our museums, is absolutely as nothing compared with the

incalculable number of generations which must have passed

away even during a single formation
;
that, owing to subsidence

being necessary for the accumulation of fossil iferous deposits

thick enough to resist future degradation, enormous intervals

of time have elapsed between the successive formations ; that

there has probably been more extinction during the periods

of subsidence, and more variation during the periods of eleva-

tion, Mid during the latter the record will have been least

perfectly kept ; that each single formation has not been con-

tinuously deposited; that the duration of eijch formation is,

perhaps, short compared with the average duration of specific

forms ; that migration has played an important part in the

first appearance of new forms in any one area and formation

;

that widely ranging species are those which have varied most,

and have oftenest given rise to new species
;
and that varieties

have at first often been local. All these causes tal^en con-

jointly, must have tended^ to make the geological »record

extremely imperfect, and will to a large extent explain why
we do not find interminable varieties, connecting together all

the extinct and existing forms of life by the finest graduated

steps.

He who rejects these views on the nature of the geologP^^b

record, will rightly reject my whole theory. For he may ask

in vain where are the numberless transitional links which must
formerly have connected the closely allied or representative

species, found in the several stages of the same great formation.

He may disbelieve in the enormous intervals of time which
have elapsed between our consecutive formations

;
he may

overlook how important a part migration must have played,
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when the formations of any one great region alone, as that

of Eurojoe, are considered ; he may urge the apparent, but

often falsely apparent, sudden coming irlof whole groups of

species. H e may ask where are the remans of thpse infinitely

numerous organisms which must have I existed long before

the first bed of the Silurian system was deposited : I can
answer this latter questioij’ only hypothetically, by saying that

as far as we can see, where our oceans now extend they
have for an enormous period extended, and where our oscillat-

ing continents now stand they have stood ever since the

Silurian epoch
;
but that long before that period, the world

may have presented a wholly different aspect
; and that the

older continents, formed of formations older than any known
to us, may now all be in a metamorphosed condition, or

may lie buried under the ocean.

Passing from these difficulties, all the other great leading

facts in palaeontology seem to me simply to follow on the

theory of descent with modification •through natural selection.

We can thus understand how it is that new species come in

slowly and successively
;
how species of different classes do

not necessarily change together, or at the same rate, or in the

same degree
;
yet in the long run that all undergo modiftcation

to some extent. The extinction of old forms is the almost

inevitable conseguence of the production of new forms. We
can understand why when a species has once disappeared it

never reappears. Groups of species increase ^in numbers
slowly, and endure for unequal periods of time

;
for the

process of modification is necessarily slow, and depends on
many complex contingencies. The dominant species of the

larger dominant groups tend to leave many modified descen-

dants, “and thus new sub-groups ^nd groups are formed. As
these are formed, the species of the less vigorous groups,

from their inferiority inherited from a common progenitor,

tend to become extinct together, and to leave no modified

offspring bn the face of the earth. But the utter extinction

whole group of species may often be a very slow process,

from the survival of a few descendants, lingering in protected

and isolated situations. When a group has once wholly

disappeared, it does not reappear; for the link of generation

has been broken. >

We can understand how the spreading of the dominant
forms of life, which are those that oftenest vary, will in the

lonf>^ mn tend to people the world with allied, but modified,
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descendants
;
and rhese will generally succeed in taking the

places of* those grojips of species which are their inferiors

in the struggle for ekistence. Hence, after long intervals of

time, the pro^uctionsl’of the world will appear to have changed
simultaneously.

^We can understand how it is that all the forms of life,

ancient and recent, make together# one grand system; for

all are connected by generation. We can understand, from
the continued tendency to divergence of character, why the

more ancient a form is, the more it generally differs from
those now living. Why ancient and extinct forms often tend

to fill up gaps between existing forms, sometimes blending

two groups previously classed as distinct into one
;
but more

commonly only bringing them a little closer together. The
more ancient a form is, the more often, apparently, it displays

characters in some degree intermediate between groups now
distinct; for the more -ancient a form is, the more nearly it

will be related to, and cortsequently resemble, the common
progenitor of groups, since become widely divergent. Extinct

forms are seldom directly intermediate between existing forms

;

but are intermediate only by a long and circuitous course

througlT many extinct and very different forms. We can
clearly see why the organic remains of closely consecutive

formations are more closely allied to each ©ther, than are

those of remote formations
;
for the forms are more closely

linked together by generation : we can clearly see why the

remains of an intermediate formation are intermediate in

character. ’
^

The inhabitants of each successive period in the tvorld’s

history^ have beaten their predecessors in the race ^or life,

and are, in so far, higher #n the scale of nature
; and this

may account for that vague yet ill-defined sentiment, felt by
many palaeontologists, that organisation on the whole has

progressed. If it should hereafter be proved that ancient

animals resemble to a certain extent the embryos of more
recent animals of the same clas.s, the fact will be intelligiS!?.'

The succession of the same types of structure within the

same areas during the later geological periods ceases to be
mysterious, and is simply explained by inheritance.

If then the geoibgical record be as imperfect as I believe

it to be, and it may at least be asserted that the record

cannot be proved to be much more perfect, the main
objections to the theory of natural selection are greatly
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diminished or disappear. On the otherMiand, all the chief

laws of palaeontology plainly proclaim,, as it seehis to me,
that species have been produced by ordinary generation : old
forms having been supplanted by newfand iii^proved forms
of life, produced by the laws of variation still acting round
us, and preserved by Natural Selection.



CHAPTER XL

Geographical DLsrRtiiUTioN.

Present distribution cannot be accounted for by differences in physical

conditions— Importance of barriers—Affinity of the productions of

the same continent — Centres of creation—Means of dispersal, by
changcrt of climate and of the level of the land, and by occasional
means—Dispersal during the Glacial period co-extensive with the

world.

In considering the distribution of organic beings over the face

of the globe, the first great fact which strikes us is, that

neither the similarity nor the dissimilarity of the inhabitants

of various regions can be accounted for by their cliniatal and
other physical conditions. Of late, almost every author who
has studied the subject has come to this conclusion. The
case of America alone would almost suffice to*prove its truth :

for if we exclude the northern parts where the circumpolar
land is almost continuous, all authors agree that one of the

most fundamental divisions in geographical distribution is that

between the New and Old Worlds; yet if w^e travel over the

vast American continent, from the central parts of the United
States to its extreme southern point, we meet with 4jtie most
diversified conditions

;
the piost humid districts, arid deserts,

lofty mountains, grassy plains, forests, marshes, lakes, and
great rivers, under almost every temperature. There is

hardly a climate or condition in the Old World which cannot
be paralleled in the New—at least as closely as the same
species generally require; for it is a most rare case to TStV-

a group of organisms confined to any small spot, having
t:onditions peculiar in only a slight degree; for instance,

small areas in the Old World could be pointed out hotter

than any in the New World, yet these are not inhabited by
a peculiar fauna or flora. Notwithstanding this parallelism

in the conditions of the Old and New Worlds, how widely
different are their living productions

!
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In the southern hemisphere, if we compare large tracts of

land in Australia, South Africa, and wesi ern South America,
between latitudes 25° and 35°, we shall jf’find parts extremely
similar in all their conditions, yet it wduld not* be possible

to point out three faunas and floras mq>re utterly dissimilar.

Or again we may compare the productions of South America
south of lat. 35° with thoje north of 25°, which consequently
inhabit a considerably different climate, and they will be
found incomparably more closely related to each other, than
they are to the product’ons of Australia or Africa under
nearly the same climate. Analogous facts could be given

with respect to the inhabitants of the sea.

A second great fact which strikes us in our general review

is, that barriers of any kind, or obstacles to free migration,

are related in a close and important manner to the differences

between the productions of various regions. We see this in

the great difference of nearly all the terrestrial productions of

the New and Old Worlds, excepting in the northern parts,

where the land almost joins, and where, under a slightly

different climate, there might have been free migration for

the northern temperate forms, as there now is for the strictly

arctic productions. We see the same fact in the^ great

difference between the inhabitants of Australia, Africa, and
South America "under the same latitude: for these countries

are almost as much isolated from each other as is possible.

On each continent, also, we see the same fact^ for on the

opposite sides of lofty and continuous mountain-ranges, and
of great deserts, and sometimes even of large rivers, we find

different productions
; though as mountain-chains, deserts,

&c., ar€ not as impassable, or likely to have endured so

long as the oceans separating continents, the differences are

very inferior in degree to those characteristic of distinct

continents.

Turning to the sea, we find the same law. No tvro marine

faunas are more distinct, with hardly a fish, shell, or crab in

^Sfmmon, than those of the eastern and western shores of

South and Central America; yet these great faunas are

separated only by the narrow, but impassable, isthmus of

Panama. Westward of the shores of America, a wide space

of open ocean extends, with not an island' as a halting-place

for emigrants
;
here we have a barrier of another kind, and

as soon as this is passed we meet in the eastern islands of the

Pacific, with another and totally distinct fauna. So that here
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three marine faunSfe range far northward and southward, m
parallel l*nes not fy from each other, under corresponding

climates ;
but fronr^ being separated from each other by

impassable barriers,^ either of land or open sea, they are

wholly distimSt. On the other hand, proceeding still further

westward from the eistern islands of the tropical parts of the

Pacific, w'e encounter no impassable barriers, and we have
innumerable islands as halting-places, until after travelling

over a hemisphere we come to the shores of Africa
; and over

this vast space we meet with no well-defined and distinct

marine faunas. Although hardly Sne shell, crab or fish is

common to the above-named three approximate faunas of

Eastern and Western America and the eastern Pacific islands,

yet many fish range from the Pacific into the Indian Ocean,
and many shells are common to the eastern islands of the

Pacific and the eastern shores of Africa, on almost exactly

opposite meridians of longitude.

A third great fact, partly included in the foregoing statements,

is the affinity of the productions of the same continent or sea,

though the species themselves are distinct at different points

and stations. It is a law of the widest generality, and every

contirwint offers innumerable instances. Nevertheless the

naturalist in travelling, for instance, from north to south never

fails to be struck by the manner in which successive groups
of beings, specifically distinct, yet clearly related, replace each
other. He^hears from closely allied, yet distinct kinds of

birds, notes nearly similar, land sees their nests similarly

constructed, but not quite alike, with eggs coloured in nearly

the same manner. * The plains near the Straits of Magellan
are inhabited by one species of Rhea (American ostych), and
northward the plains of La Plata by another species •of the

same genus
;
and not by a true ostrich or emeu, like those

found in Africa and Australia under the sam» latitude. On
these same plains of La Plata, we see the agouti and bizcacha,

anirnah having nearly the same habits as our hares and
rabbits and belonging to the same order of Rodents, but ^tey,

plainly display an American type of structure. We ascend
the lofty peaks of the Cordillera and we find an alpine species

of bizcacha
;
we look to the waters, and we do not find the

beaver or musk-vat, but the coypu and capybara, rodents
of the American type. Innumerable other instances could
l)e given. If we look to the islands off the American shore,

however much they may differ in geological structure, the
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inhabitants, though they may be all pGjuliar species, :

essentially American. We. may look biv^k to past ages,

shown in the last chapter, and we find American types th

prevalent on the American continent afd in the Ameri<
seas. We see in these facts some deej^ organic bond, {

vailing throughout space and time, over the same areas

land and water, and indenendent of their physical conditic

The naturalist must feef little curiosity, who is not led

inquire what this bond is.

This bond, on my theory, is simply inheritance, that ca
which alone, as far as we positively know, produces organis

quite like, or, as we see in the case of varieties nearly 1

each other. The dissimilarity of the inhabitants of differ

regions may be attributed to modification through nati

selection, and in a quite subordinate degree to the dii

influence of different physical conditions. The degree
dissimilarity will depend on the migration of the m
dominant forms of life from one region into another hav
been effected with more or less ease, at periods more or 1

remote ;—on the nature and number of the former immigrar
—and on their action and reaction, in their mutual strugg

for life;—the relation of organism to organism being, a'

have already often remarked, the most irn[)orlant of

relations. Thus the high importance of barriers comes i

play by checking migration
;
as does time for the slow proc

of modification through natural selection. Wjdely-rang
species, abounding in individuals, which have alrer

triumphed over many competitors in their own widely-extenc

homes will have the best chance of seizing on nevr plac

when they spread into ntw countries. In their new hor
they will be exposed to new conditions, and will frequer

undergo further modification ana improvement ; and tl

they will become still further victorious, and will prodi

groups of modified descendants. On this principle

inheritance with modification, we can understand how il

sections of genera, whole genera, and even families

confined to the same areas, as is so commonly and notoriou

the case.

I believe, as was remarked in the last chapter, in no
of necessary development. As the variability of each spec

is an independent property, and will be taken advantage
by natural selection, only so far as it profits the individ

in its complex stniggle for life, so the degree of mod
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1 in differenj^ species will be no uniform quantity. If,

'' nstaice, a nuipber of species, which stand in direct

letition with each other, migrate in a body into a new
afterwards isolated country, they will be little liable to

fication^ for neither migration nor isolation in themselves

do anything. ^These principles come into play only by
;ing organisms into new relations with each other, and
lesser degree with the surrounding physical conditions,

^e have seen in the last chapter that some forms have
ned nearly the same character from an enormously
>te geological period, so certain species have migrated
vast spaces, and have not become greatly modified,

n these views, it is obvious, that the several species of

same genus, though inhabiting the most distant quarters

he world, must originally have proceeded from the same
ce, as they have descended from the same progenitor.

. ;he case of those species, which have undergone during
lie geological periods J.jut little modification, there is not
:h difficulty in believing that they may have migrated from
same region ; for during the vast geographical and climatal

nges which will have supervened since ancient times,

. ost any amount of migration is possible. But in many
er cases, in which we have reason to believe that the

cies of a genus have been produced within comparatively

snt times, there is great difficulty on tTiis head. It is

) obvious that the individuals of the same species, though
V inhabiting distant and isolated regions, must hawe
•ceeded from one spot, where their parents were first

»duced : for, as Explained in the last chapter, it is incredible

t individuals identically the same should ever IjgLve been
idflced through natural selection from parents spe«ifically

tinct.
*

We are thus brought to the question which has been
gely discussed by naturalists, namely, whether species

ve been created at one or more points of the earth’s surface,

idoubtedly there are very many cases of extreme diffiWfeUy,

understanding how the same species could possibly have
grated from some one point to the several distant and
»lated points, where now found. Nevertheless the simplicity

the view that each species w’as first produced within a
igle region captivates the mind. He who rejects it, rejects

e vera causa of ordinary generation with subsequent
igration, and calls in the agency of a miracle. It is uni-

18



2 74 ON THE ORIGIN OF SPECIES.

^ ^ i
versally admitted, that in most cases the frea inhabited by a

species is continuous
;
and when a plan| or animal inhabits

two points so distant from each other, oij with an interval of

such a nature, that the space could not be easily passed over

by migration, the fact is given as something refiiarkable and
exceptional. The capacity of migrating across the sea is

more distinctly limited terrestrial mammals, than perhaps

in any other organic beings; and, accordingly, we fin/i no
inexplicable cases of the same mammal inhabiting distant

points of the world. No^eologist will feel any difficulty in

such cases as Great Britain having been formerly united to

Europe, and consequently possessing the same quadrupeds.

But if the same species can be produced at two separate

points, why do we not find a single mammal common to

Europe and Australia or South America? The conditions

of life are nearly the same, so that a multitude of European
animals and plants have become naturalised in America
and Australia; and some of the aboriginal plants are identi-

cally the same at these distant points of the northern and
southern hemispheres? The answer, as I believe, is, that

mammals have not been able to migrate, whereas some
plants, from their varied means of dispersal, have r»igrated

across the vast and broken interspace. The great and striking

influence which Carriers of every kind have had on distribution,

is intelligible only on the view that the great majority of

species have been produced on one side alone, and have
not been able to migrate to the other side. Some few
families, many sub-iamilies, very many genera, and a still

greater number of sections of genera are confined to a single

region
; ^^nd it has been observed by several naturalists,

that Kie most natural genera, ^or those genera in 'which

the species are most closely related to each other, are

generally local, or confined to one area. What a strange

anomaly it would be, if, when coming one step lower in

the series, to the individuals of the same species, a directly

opposite rule jjrevailed
; and species were not local, but

had been produced in two or more distinct areas !

Hence it seems to me, as it has to many other naturalists,

that the view of each species having been produced in one
area alone, arid having subsequently migrated from that

area as far as its powers of migration and subsistence under
past and present conditions permitted, is the most probable.
Undoubtedly many cases occur, in which we cannot explain
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how the same species could have passed from one poiTit

to the Other. But^ the geographical and climatal changes,
which have certainly occurred within recent geological times,

must have interrupted or rendered discontinuous the formerly

continuous ringe of many species. So that we are reduced
to consider whetheir the exceptions to continuity of range
are so numerous and of so grave a nature, that we ought
to give up the belief, rendered proBable by general consider-

ations, that each species has been produced within one
area, and has migrated thence as far as it could. It w^ould

be hopelessly tedious to discuss 'all the exceptional cases

of the same species, now living at distant and separated

points
;
nor do I for a moment pretend that any explanation

could be offered of many such cases. But after some
preliminary remarks, I will discuss a few of the most striking

classes of facts; namely, the existence of the same species

on the summits of distant mountain-ranges, and at distant

points in the arctic and Antarctic regions; and secondly (in

the following chapter), the wide distribution of fresh-water

productions
;
and thirdly, the occurrence of the same terrestrial

species on islands and on the mainland, though separated

by hundreds of miles of open sea. If the existence of the

same species at distant and isolated points of the earth’s

surface, can in many instances be explained on the view
of each species having migrated from a single birthplace

;

then, considering our ignorance with respect to former
climatal arfd geographical changes and various occasional

means of transport, the belief that this has been the universal

law, seems to me •incomparably the safest.

In discussing this subject, we shall be enabl^ at the

same* time to consider a point equally important for us,

naniely, whether the severjfl distinct species of a genus, which

on my theory have all descended from a common progenitor,

can have migrated (undergoing modification during some
part of their migration) from the area inhabited by their

progenitor. If it can be shown to be almost invariablyfc,t;he

case, that a region, of which most of its inhabitants are

closely related to, or belong to the same genera with the

species of a second region, has probably received at some
former period immigrants from this other region, my theory

will be strengthened
;

for we can clearly understand, on the

principle of modification, why the inhabitants of a region

should be related to those of another region, whence it has
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been stocked. A volcanic island, for ins^^nce, upheaved and
formed at the distance of a few hundreds of mil^ from a

continent, would probably receive from jt in the course of

time a few colonists, and their descendants, though modified,

would still be plainly related by inheritance to tHe inhabitants

of the continent. Cases of this nature are common, and
are, as we shall hereafter more fully see, inexplicable on
the theory of independent creation. I'his view of the relation

of species in one region to those in another, does not differ

much (by substituting the word variety for species) from

that lately advanced in an ingenious paper by Mr. Wallace,

in which he concludes, that ‘‘every species has come into

existence coincident both in space and time with a pre-existing

closely allied species.” And I now know from correspondence,

that this coincidence he attributes to generation with

modification.

'I'he previous remarks on “ single and multiple centres

of creation ” do not directly bear or^ another allied question,

—

namely whether all the individuals of the same species have
descended from a single pair, or single hermaphrodite, or

whether, as some authors suppose, from many individuals

simultaneously created. With those organic beings •w'hich

never intercross (if such exist), the species^ on my theory,

must have descended from a succession of improved varieties,

w'hich will never have blended with other individuals or

varieties, but will have suj>[)lanted each other; so that, at

each successive stage of modification and impr?)vement, all

the individuals of each variety will have descended from a
single parent. But in the majority of c^ses, namely, with
all orgarysms which habitually unite for each birth, or which
often intercross, I believe that during the slow process of
modification the individuals of tbe species will have been
kept nearly uniform by intercrossing

;
so that many individuals

will have gone on simultaneously changing, and tlie whole
amount of modification wdll not have been due, at each stage,

to^^scent from a single parent. To illustrate what I mean :

our English race-horses differ slightly from the horses of
every other b:eed

; but they do not owe their difference
and superiority to descent from any single pair, but to con-
tinued care in selecting and training many individuals during
many generations.

Before discussing the three classes of facts, which I have
selected as presenting the greatest amount of difficulty on
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* .
the theory of “sit^le centres of creation,” I must say a few
words oh the mealfs of dispersal.

Means of Dispersal—Sir C. Lyell and other authors have
ably treated^this subject. I can give here only the briefest

abstract of the mire important facts. Change of climate

must have had a powerful influence on migration : a region

when its climate was different may have been a high road
for migration, but now be impassable ; I shall, however,
presently have to discuss this branch of the subject in some
detail. Changes of level in the land must also have been
highly influential : a narrow isthmus now separates two marine
faunas

; submerge it, or let it formerly have been submerged,
and the two faunas will now blend or may formerly have
blended : where the sea now extends, land may at a former

period have connected islands or possibly even continents

together, and thus have allowed terrestrial productions to

pass from one to the other. No geologist will dispute that

great mutations of level, have occurred within the period

of existing organisms. Edward Forbes insisted that all the

islands in the Atlantic must recently have been connected
with Europe or Africa, and Europe likewise with America.
Other authors have thus hypothetically bridged over every

ocean, and have united almost every island to some mainland.

If indeed the arguments used by Forbes are to be trusted,

it must be admitted that scarcely a single island exists which
has not recently been united to some continent. This view
cuts the* Gordian knot of the dispersal of the same species

to the most distant points, and removes many a difficulty

:

but to the best of my judgment we are not authorized in

adrprtting such enormous geographical changes within the

period of existing species. It seems to me that we have
abundant evidence of great oscillations of level in our

continents
; but not of such vast changes in their position

and extension, as to have united them within the recent period

to each other and to the several intervening oceanic i^ids.
I freely admit the former existence of many islands, now
buried beneath the sea, which may have served as halting-

places for plants and for many animals during their migration.

In the coral-prdducing oceans such sunken islands are now
marked, as I believe, by rings of coral or atolls standing over

them. Whenever it is fully admitted, as I believe it will

some day be, that each species has proceeded from a single
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birthplace, and when in the course of time we know something
definite about the means of distribution, jfrt shall b^ enabled
to speculate with security on the former extension of the

land. But I do not believe that it will ever be proved that

within the recent period continents which arS now quite

separate, have been continuously, or almost continuously,

united with each other, and with the many existing oceanic
islands. Several facts in distribution,—such as the grfat
difference in the marine faunas on the opposite sides of almost
every continent,—the clos^ relation of the tertiary inhabitants

of several lands and even seas to their present inhabitants,

—

a certain degree of relation (as we shall hereafter see) between
the distribution of mammals and the depth of the sea,

—

these and other such facts seem to me opposed to the
admission of such prodigious geographical revolutions within
the recent period, as are necessitated on the view advanced
by Forbes and admitted by his many followers. The nature
and relative proportions of the inhabitants of oceanic islands
likewise seem to me opposed to the belief of their former
continuity with continents. Nor does their almost universally
volcanic composition favour the admission that they are the
wrecks of sunken continents;—if they had originally iixisted

as mountain-ranges on the land, some at least of the islands
would have been formed, like other mountain*summits, of
granite, metamorphic schists, old fossiliferous or other such
rocks, instead of consisting of mere piles of volcanic matter.

I must now say a few words on what are callecl accidental
means^ but which more properly might be called occasional
means of distribution. I shall here confine myself to plants.
In botanical works, this or that plant is stated to be ill

adapted for wide dissemination; but for transport abross
the sea, the greater or less facilities may be said to be almost
wholly unknown. Until I tried, with Mr. Berkeley’s aid, a
few experiments, it was not even known how far seeds could
resist the injurious action of sea-water. To my surprise I
foai^ that out of 87 kinds, 64 germinated after an immersion
of 28 days, and a few survived an immersion of 137 days.
For convenience sake I chiefly tried small seeds, without
the capsule or fruit; and as all of these sank in a few days,
they could not be floated across wide spaces of the sea,
whether or not they were injured by the salt-water. After-
wards I tried some larger fruits, capsules, &c., and some
of these floated for a long time. It is well known what a
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difference there ifw in the buoyancy of green and seasoned
timber ;*and it oc^rred to me that floods might wash down
plants or branches, and that these might be dried on the

banks, and then by a fresh rise in the stream be washed
into the sea^ Hence I was led to dry stems and branches

of 94 plants with ilpe fruit, and to place them on sea- water.

The majority sank quickly, but some which whilst green

floated for a very short time, wlien dried floated much
longer; for instance, ripe hazel-nuts sank immediately, but
when dried, they floated for 90 ^ays and afterwards when
planted they germinated

;
an aspaiagus plant with ripe berries

floated for 23 days, when dried it floated for 85 days, and the

seeds afterwards germinated : the ripe seeds of Heiosciadium
sank in two days, when dried they floated for above 90 days,

and afterwards germinated. Altogether out of the 94 dried

plants, 18 floated for above 28 days, and some of the 18 floated

for a very much longer period. So that as seeds germi-

nated after an immersion of 28 days ; and as plants with

ripe fruit (but not all the same species as in the foregoing

experiment) floated, after being dried, for above 28 days,

as far as we may infer anything from these scanty facts,

we may conclude that the seeds of plants of any country

might be floated by sea-currents during 28 days, and would
retain their power of germination. In Johnston’s Physical

Atlas, the average rate of the several Atlantic currents is

33 miles per diem (some currents running at the rate of 60
miles per diem); on this average, the seeds of yVir
belonging to one country might be floated across 924 miles

of sea to another country ; and when stranded, if blown to

a favourable spot by an inland gale, they would gern^inate.

Subsequently to my experiments, M. Martens tried* similar

ones, but in a much better manner, for he placed the seeds

in a box in the actual sea, so that they were alternately

wet and exposed to the air like really floating plants. He
tried 98 seeds, mostly different from mine

;
but he chose

many large fruits and likewise seeds from plants whic^vlive

near the sea
;

and this would have favoured the average

length of their flotation and of their resistance to the injurious

action of the salt-water. On the other hand he did not

previously dry 'he plants or branches with the fruit ; and
this, as we have seen, would have caused some of them
to have floated much longei. The result was that ^ of

his seeds floated for 42 days, and were then capable of germi-
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nkion. But I do not doubt that plants «posed to the waves

would float for a less time than those protected frofn violent

movement as in our experiments. Therefore it would perhaps

be safer to assume that the seeds of about plants of a

flora, after having been dried, could be floated across a space

of sea 900 miles in width, and would tHen germinate. The
fact of the larger fruits often floating longer than the small,

is interesting
;
as plants with large seeds or fruit could har41y

be transported by any other means
; and Alph. de Candolle

has shown that such plants generally have restricted ranges.

But seeds may be occasionally transported in another

manner. Drift timber is thrown up on most islands, even

on those in the midst of the widest oceans
;
and the natives

of the coral-islands in the Pacific, procure stones for their

tools, solely from the roots of drifted trees, these stones

being a valuable royal tax. I find on examination, that when
irregularly shaped stones are imbedded in the roots of trees,

small parcels of earth are very frequently enclosed in their

interstices and behind them,—so perfectly that not a particle

could be washed away in the longest transport: out of one
small portion of earth thus completely enclosed by wood in

an oak about 50 years old, three dicotyledonous*' plants

germinated : I am certain of the accuracy of this observation.

Again, I can show that the carcasses of birds, when floating

on the sea, sometimes* escape being immediately devoured

;

and seeds of many kinds in the crops of floating birds long
retain their vitality

:
peas and vetches, for instance, are killed

by even a few days* immersion in sea-water
; but same taken

out of the crop of a pigeon, which had *floated on artificial

salt-watej.for 30 days, to my surprise nearly all germinated.
Livtfig birds can hardly fail to be highly effective agents

in the transportation of seeds. ’
I could give many facts

showing how frequently birds of many kinds are blown by
gales to vast distances across the ocean. We may I think
safely assume that under such circumstances their rate of
fligj*: would often be 35 rtiiles an hour; and some authors
have given a far higher estimate. I have never seen an
instance of nut itious seeds passing through the intestines
of a bird

;
but hard seeds of fruit will pass uninjured through

even the digestive organs of a turkey. In^he course of two
months, I picked up in my garden 12 kinds of seeds, out
of the excrement of small birds, and these seemed perfect,
and some of tiiem, which I tried, germinated. But the
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following fact is n\pre important : the crops of birds do not

secrete gastric jui^p, and do not in the least injure, as I

know by trial, the germination of seeds
;
now after a bird

has found and devoured a large supply of food, it is positively

asserted that^all the grains do not pass into the gizzard for

12 or even 18 hoi|rs. A bird in this interval might easily

be blown to the distance of 500 miles, and hawks are known
to look out for tired birds, and tRe contents of their torn

crops might thus readily get scattered. Mr. Brent informs

me that a friend of his had to gi^e up flying carrier-pigeons

from France to England, as the hawks on the English coast

destroyed so many on their arrival. Some hawks and owls

bolt their prey whole, and after an interval of from twelve

to twenty hours, disgorge pellets, which, as I know from
experiments made in the Zoological Gardens, include seeds

capable of germination. Some seeds of the oat, wheat,

millet, canary, hemp, clover, and beet germinated after having
. been from twelve to twenty-one hours in the stomachs of

different birds of prey
; and two seeds of beet grew after

having been thus retained fof two days and fourteen hours.

Fresh-water fish, I find, eat seeds of many land and water

plants^ fish are frequently devoured by birds, and thus the

seeds might be transported from place to place. I forced

many kinds of seeds into the stomachs of dqfid fish, and then

gave their bodies to fishing-eagles, storks, and pelicans
;
these

birds after an interval of many hours, either rejected the

seeds in pellets or passed them in their excrement
;

and
several of these seeds retained their power of germination.

Certain seeds, howKer, were always killed by this process.

Although the beaks and feet of birds are geneiilly quite

cleaif, I can show that earth sometimes adheres to® them

:

in one instance I removed fwenty-two grains of dry argillaceous

earth from one foot of a partridge, and in this earth there was
a pebble quite as large as the seed of a vetch. Thus seeds

might occasionally be transported to great distances; for

many facts could be given showing that soil almost every%^iere

is charged with seeds. Reflect for a moment on the millions

of quails which annually cioss the Mediterranean; and can
we doubt that the earth adhering to their feet would some-
times include a 'few minute seeds? But 1 shall presently

have to recur to this subject.

As icebergs are known to be sometimes loaded with earth

and stones, and have even carried brushwood, bones, and
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the nest of a land-bird, I can hardly doubt that they must

occasionally have transported seeds fromfone part fo another

of the arctic and antarctic regions, as suggested by Lyell ; and

during the Glacial period from one part of the now temperate

regions to another. In the Azores, from the^large number
of the species of plants common to Eirope, in comparison

with the plants of other oceanic islands nearer to the mainland,

and (as remarked by Mr. H. C. Watson) from the some\<jhat

northern character of the flora in comparison with the latitude,

I suspected that these isjands had been partly stocked by ice-

borne seeds, during the Glacial epoch. At my request Sir C.

Lyell wrote to M. Hartung to inquire whether he had observed

erratic boulders on these islands, and he answered that he

had found large fragments of granite and other rocks, which
do not occur in the archipelago. Hence we may safely

infer that icebergs formerly landed their rocky burthens on
the shores of these mid-ocean islands, and it is at least

possible that they may have brought thither the seeds of

northern plants.

Considering that the several above means of transport, and
that several other means, which without doubt remain to be
discovered, have been in action year after year, for centuries

and tens of thousands of years, it would I think be a mar-
vellous fact if .many plants had not thus become widely

transported. These means of transport are sometimes called

accidental, but this is not strictly correct : the ciyrents of the

sea are not accidental, nor is the direction of prevalent gales

of wind. It should be observed that scarcely anymeans of
transport would carry seeds for very great distances

; for seeds
do not fr?tain their vitality when exposed for a great length of

time tto the action of sea-watery nor could they be .long

carried in the crops or intestines of birds. These means,
however, would suffice for occasional transport across tracts

of sea Some hundred miles in breadth, or from island to

island, or from a continent to a neighbouring island, but not
froth one distant continent to another. The floras of distant
continents would not by such means become mingled in any
great degree

;
but .would remain as distinct as we now see

them to be. The currents, from their course, would iiever
bring seeds from North America to Britkin, though they
might and do bung seeds from the West Indies to our
western shores, where, if not killed by so long an immersion
in salt-watei, they could not endure our climate. Almost
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every year, one or two land-birds are blown across the whole
Atlantic Ocean, froAi North America to the western shores of
Ireland and England

;
but seeds could be transported by

these wanderers only by one means, namely, in dirt sticking

to their feet, Vhich is in itself a rare accident. Even in this

case, how small would the chance be of a seed falling on
favourable soil, and coming to matuyty ! But it would be a
great error to argue that because a well-stocked island, like

Great Britain, has not, as far as is knov^n (and it would be
very difficult to prove this), receded within the last few
centuries, through occasional means of transport, immigrants
from Europe or any other continent, that a poorly-stocked

island, though standing more remote from the mainland,

would not receive colonists by similar means. I do not

doubt that out of twenty seeds or animals transported to an
island, even if far less well-stocked than Britain, scarcely more
than one would be so well fitted to its new home, as to
become naturalised. Butcthis, as it seems to me, is no valid

argument against what would be effected by occasional means
of transport, during the long lapse of geological time, whilst

an island was being upheaved and formed, and before it had
become fully stocked with inhabitants. On almost bare land,

with few or no other destructive insects or birds living there,

nearly every seed, which chanced to arrive, wpuld be sure to

germinate and survive.

Dispersal during the GjfLcial period.—The identity of many
plants and animals, jon mountain-summits, separated from each
other by hundreds of miles of lowlands, where the Alpine
snecies could not possibly exist, is one of the mos4 striking

cases Vnown of the same sgecies living at distant points^ with-

out the apparent possibility of their having migrated from one
to the other. It is indeed a remarkable fact to see so many
of the same plants living on the snowy regions of the Alps
or Pyrenees, and in the extreme northern parts of Europe;
but it is far more remarkable, that the plants on the W^iite

Mountains, in the United States of America, are all the same
with those of Labrador, and nearly all the same, as we hear
from Asa Gray, with those on the loftiest mountains of Europe.
Even as long ago 'as 1747, such facts led Gmelin to conclude
that the same species must have been independently created

at several distinct points ;
and we might have remained in this

same belief, had not .Agassiz and others called vivid attention
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to the Glacial period, which, as we shall immediately see,

affords a simple explanation of these facta We have evidence

of almost every conceivable kind, organic and inorganic, that

within a very recent geological period, central Europe and
North America suffered under an Arctic climafe. The ruins

of a house burnt by fire do not tell thfliir tale more plainly,

than do the mountains fii Scotland and Wales, with their

scored flanks, polished surfaces, and perched boulders, of ihe

icy streams with which their valleys were lately filled. So
greatly has the climate oj Europe changed, that in Northern

Italy, gigantic moraines, left by old glaciers, are now clothed

by the vine and maize. Throughout a large part of the

United States, erratic boulders, and rocks scored by drifted

icebergs and coast-ice, plainly reveal a former cold period.

The former influence of the glacial climate on the distribu-

tion of the inhabitants of Europe, as explained with remarkable

clearness by Edward Forbes, is substantially as follows. But
we shall follow the changes more readily, by supposing a new
glacial period to come slowly on, and then pass away, as

formerly occurred. As the cold came on, and as each more
southern zone became fitted for arctic beings and ill-fitted for

their former more temperate inhabitants, the latter would be
supplanted and arctic productions would take their places.

The inhabitant^ of the more temperate regions vrould at the

same lime travel southward, unless they were stopped by
barriers, in which case they would perish. T|je mountains
would become covered wuth snow |ind ice, and their former
Alpine inhabitants w^ould descend to the glains. By the time
that the cold liad reached its maximum, we should have a
uniform^rctic fauna and flora, covering the central parts of
Euro[^,^as far south as the Algs and Pyrenees, and even
stretching into Spain. The now temperate regions of the
United Stales would likewise be covered by arctic plants and
animals, and these would be nearly the same with those of
Europe ; for the present circumpolar inhabitants, which we
suffpose to have everywhere travelled southward, are remark-
ably uniform round the world. We may suppose that the
Glacial period came on a little earlier or later in North
America than in Europe, so will the southern migration there
have been a Intle earlier or later; but this will make no
difference in the final result.

As the warmth returned, the arctic forms would retreat
northward, closely followed up in their retreat by the pro-



GEOGRAPHICAL DISTRIBUTION. 285

ductions of the more temperate regions. And as the snow
melted flrom the bases of the mountains, the arctic forms
would seize on the cleared and thawed ground, always
ascending higher and higher, as the warmth increased, whilst

their brethrei? were pursuing their northern journey. Hence,
when the warmth hjd fully returned, the same arctic species,

which had lately lived in a body together on the low^lands of

the Old and New Worlds, would be left isolated on distant

mountain-summits (having been exterminated on all lesser

heights) and in the arctic regions ofLoth hemispheres.
Thus we can understand, the identity of many plants at

points so immensely remote as on the mountains of the

United States and of Europe. We can thus also understand
the fact that the Alpine plants of each mountain-range are

more especially related to the arctic forms living due north

or nearly due north of them : for the migration as the cold

came on, and the re-migration on the returning warmth, will

generally have been due sQuth and north. The Alpine plants,

for example, of Scotland, as remarked by Mr. H. C. Watson,
and those of the Pyrenees, as remarked by Ramond, are

more especially allied to the plants of northern Scandinavia

;

those of the United States to Labrador
; those of the moun-

tains of Siberia to the arctic regions of that country. These
views, grounded as they are on the perfectly, well-ascertained

occurrence of a former Glacial period, seem to me to explain

in so satisfactory a manner the present distribution of the

Alpine and Arctic prodi^ctions of Europe and America, that

when in 'other regions w^e find the same species on distant

mountain-summits, we may almost conclude without other

evidence, that a colder climate permitted their former migra-

tion across the low intervening tracts, since become too^warm
for their existence.

If the climate, since the Glacial period, has ever been in

any degree warmer than at present (as some geologists in the

United States believe to have been the case, chiefly from the

distribution of the fossil Gnathodon), then the arcti^iind

temperate productions will at a very late period have marched
a little further north, and subsequently have retreated to their

present homes ; but I have met with no satisfactory evidence

with respect to tKis intercalated slightly warmer period, since

the Glacial period.

The arctic forms, during their long southern migration and
re-migration northward, will have been exposed to nearly the
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same climate, and, as is especially to be noticed, they will have

kept in a body together ;
consequently t/eir mutual* relations

will not have been much disturbed, and, in accordance with

the principles inculcated in this volume, they will not have

been liable to much modification. But with Otir Alpine pro-

ductions, left isolated from the momef^t of the returning

warmth, first at the basjjs and ultimately on the summits of

the mountains, the case will have been somewhat different
;
^or

it is not likely that all the same arctic species will have been
left on mountain ranges ^distant from each other, and have

survived there ever since ;
they will, also, in all probability

have become mingled with ancient Alpine species, which must
have existed on the mountains before the commencement of

the Glacial epoch, and which during its coldest period will

have been temporarily driven down to the plains
;
they will,

also, have been exposed to somewhat different climatal

influences. Their mutual relations will thus have been in

some degree disturbed; consequently they will have been
liable to modification ;

and this we find has been the case

;

for if we compare the present Alpine plants and animals of

the several great European mountain-ranges, though very

many of the species are identically the same, some •present

varieties, some are ranked as doubtful forms, and some few
are distinct yet plosely allied or representative species.

In illustrating what, as I believe, actually took place during

the Glacial period, I assumed that at its commencement the

arctic productions were as uniform round the polar regions as

they are at the present day. But the foregoing remarks on
distribution apply not only to strictly arctic forms, but also to

many sufo-arctic and to some few northern temperate forms,

for scane of these are the same on the lower mountaihs and
on the plains of North America and Europe

;
and it may be

reasonably asked how I account for the necessary degree of

uniformity of the sub-arctic and northern temperate forms
round the world, at the commencement of the Glacial period.

AtiFhe present day, the sub-arctic and northern temperate
productions of the Old and New Worlds are separated from
each other by tl.e Atlantic Ocean and by the extreme northern
part of the Pac.fic. During the Glacial period, when the
inhabitants of the Old and New Worlds liVed further south-
wards than at present, they must have been still more com-
pletely separated by wider spaces of ocean. I believe the
above difficulty may be surmounted by looking to still earlier
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changes of climate of an opposite nature. We have goo&
reason to' believe that during the newer Pliocene period, before

the Glacial epoch, and whilst the majority of the inhabitants

of the world were specifically the same as now, the climate

was warmer tWhn at the present day. Hence we may suppose
that the organisms n(jw living under tke climate of latitude 60°,

during the Pliocene period lived furtl^r north under the Polar

Circle, in latitude 66°-67°; and that the strictly arctic pro-

ductions then lived on the broken land still nearer to the pole.

Now if we look at a globe, we shal^^see that under the Polar

Circle there is almost continuous land from w^estern Europe,
through Siberia, to eastern America. And to this continuity

of the circumpolar land, and to the consequent freedom for

intermigration under a more favourable climate, I attribute

the necessary amount of uniformity in the sub-arctic and
northern temperate productions of the Old and New Worlds,

at a period anterior to the Glacial epoch.

Believing, from reasons before alluded to, that our continents

have long remained in nearly the same relative position, though
subjected to large, but partial oscillations of level, I am strongly

inclined to extend the above view, and to infer that during

some earlier and still warmer period, such as the old Pliocene

period, a large number of the same plants and animals

inhabited the almost continuous circumpolar, land
;
and that

these plants and animals, both in the Old and New Worlds,
began slowly^to migrate southwards as the climate became less

warm, long before the commencement of the Glacial period.

We now • see, as I believe, their descendants, mostly in a

modified condition, in the central parts of Europe and the

United States. On this view we can understand thc^ relation-

ship,. 'with very little identity, between the productions of

North America and Europe,—a relationship which is most
remarkable, considering the distance of the two areas, and
their separation by the Atlantic Ocean. We can further

understand the singular fact remarked on by several observers,

that the productions of Europe and America during the^ater

tertiary stages were more closely related to each other than

they are at the present time ; for during these warmer periods

the northern parts of the Old and New Worlds will have been
almost continuously united by land, serving as a bridge, since

rendered impassable by cold, for the inter-migration of their

inhabitants.

During the slowly decreasing warmth of the Pliocene period,
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as soon as the species in common, which inhabited the N
and Old Worlds, migrated south of the P6lar Circle, 'they ra

have been completely cut off from each other. This sepE

tion, as far as the more temperate productions are concern

took place long ages ago. And as the plams and aniir

migrated southward, they will have bepome mingled in ^

one grea^ region with the native American productions, i

have had to compete wfth them ;
and in the other great rejg

with those of the Old World. Consequently we have h

everything favourable for much modification,—for far m
modification than with the Alpine productions, left isolai

within a much more recent period, on the several mount;,

ranges and on the arctic lands of the two Worlds. Henc
has come, that when we comj^are the now living product! >

of the temperate regions of the New and Old Worlds, we 1

very few identical species (though Asa Gray has lately she

that more plants are identical than 'was formerly suppose

but we find in every great class„ many forms, which sc

naturalists rank as geographical races, and others as disti

species
;
and a host of closely allied or representative foi

.

which are ranked by all naturalists as specifically distinct.

As on the land, so in the waters of the sea, a slow south
migration of a marine fauna, which during the Pliocene
even a somewhat earlier period, was nearly uniform along
continuous shores of the Polar Circle, will account, on
theory of modification, for many closely allied forms r

living in areas completely sundered. Thus, I think, we •

understand the presence of many existing and tertiary rej

sentative forms on the eastern and western shores of tempei
North America

;
and the still more striking case of m;

closely allied crustaceans (as described in Dana’s admira
work), of some fish and other marine animals, in

Mediterranean and in the seas of Japan,—areas now separa
by a continent and by nearly a hemisphere of equato
ocean.

'iViese cases oi relationship, without identity, of
inhabitants of seas now disjoined, and likewise of the past ;

present inhabitants of the temperate lands of North Amei
and Europe, are inexplicable on the theory of creation. We c

not say that they have been created alike, 'in correspondes
with the nearly similar physical conditions of the areas

;

if we compare, for instance, certain parts of South Amei
with the southern continents of the Old World, we
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•

)untries closely corresponding in all their physical conditions,,

jt with their inhabitants utterly dissimilar.

But we must return to our more immediate subject, the

lacial period. I am convinced that Forbes's view may be
^gely extended. In Europe we have the plainest evidence

the cold period, ifrom the western shores of Britain to the

ral range, and southward to the Pyrenees. We may infer,

>m the frozen mammals and nature of the mountain
getation, that Siberia was similarly affected. Along the

imalaya, at points 900 miles ajjart, glaciers have left the

arks of their former low descent ; and in Sikkim, I>r

ooker saw maize growing on gigantic ancient moraines.

)uth of the equator, we have some direct evidence of former
icial action in New Zealand ; and the same plants, found on
dely separated mountains in this island, tell the same story,

one account which has been published can be trusted, we
ve direct evidence of glacial action in the south-easterr\

rner of Australia. •

Looking to America
; in the northern half, ice-borne

gments of rock have been observed on the eastern side

far south as lat. 36®“37°, and on the shores of the Pacific,

lere the climate is now so different, as far south as lat. 46®

;

•atic boulders have, also, been noticed on the Rocky
ountains. In the Cordillera of Equatorial .South America,
.ciers once extended far below their present level. In
itral Chil<| I was astonished at the structure of a vast

mnd of detritus, about 800 feet in height, crossing a valley

the Andes ; an<i this I now feel convinced was a gigantic

»raine, left far below any existing glacier. Further south

,
both sides of the continent, from lat. 41® to the Southern-
»st extremity, we have , the clearest evidence of former

. cial action, in huge boulders transported far from their

ent source.

vVe do not know that the Glacial epoch was strictly simul-

s eous at these several far distant points on opposite^ides
the world. But we have good evidence in almost every
e, that'the epoch w'as included within the latest geological

iod. We have, also, excellent evidence, that it endured
an enormous^ time, as measured by years, at each point,

e cold may have come on, or have ceased, earlier at one
nt of the globe than at another, but seeing that it endured
long at each, and that it was contemporaneous in a

logical sense, it seems to me probable that it was, during

^9
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a part at least of the period, actually simultaneous throughout

the world. Without some distinct evidence to the* contrary

we may at least admit as probable that the glacial action was
simultaneous on the eastern and western sides of North
America, in the Cordillera under the equator and under the

warmer temperate zones, and on both srdes of the southern

extremity of the continejit. If this be admitted, it is difficult

to avoid believing that the temperature of the whole world

was at this period simultaneously cooler. But it would
suffice for my purpose, if the temperature was at the same
time lower along certain broad belts of longitude.

On this view of the whole world, or at least of broad
longitudinal belts, having been simultaneously colder from
pole to pole, much light can be thrown on the present dis-

tribution of identical and allied species. In America, Dr.

Hooker has shown that between forty and fifty of the flowering

plants of Tierra del Fuego, forming no inconsiderable part

of its scanty flora, are common to Europe, enormously remote
as these two points are

;
and there are many closely allied

species. On tlie lofty mountains of equatorial America a

host of peculiar species belonging to European genera occur.

On the highest mountains of Brazil, some few European
genera were found by Gardner, which do not exist in the

wide intervening hot countries. So on the Silla of Caraccas

the illustrious Humboldt long ago found species belonging

to genera characteristic of the Cordillera. On the mountains
of Abyssinia, several European forms and some few repre-

sentatives of the peculiar flora of the Cape of Good Hope
occur. At the Cape of Good Hope a very few European
species, dDelieved not to have been introduced by man, and
on the mountains, some few representative European forms

are found, which have not been discovered in the inter-

tropical parts of Africa. On the Himalaya, and on the

isolated mountain-ranges of the peninsula of India, on the

hei|^.hts of Ceylon, and on the volcanic cones of Java, many
plams occur, either identically the same or representing each
other, and at the same time representing plants Of Europe,
not found in the intervening hot lowlands. A list of the
genera collected on the loftier peaks of Java raises a picture

of a collection made on a hill in Europe ! ^Still more striking

is the fact that southern Australian forms are clearly repre-
sented by plants growing on the summits of the mountains
of Borneo. Some of these Australian forms, a« I hear from
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Dr. Hooker, extend along the heights of the peninsula of

Malacca,* and are thinly scattered, on the one hand over

India and on the other as far north as Japan.

On the southern mountains of Australia, Dr. F. Muller
has discovered several European species; other species, not

introduced by man,^ occur on the lowlands ; and a long list

can be given, as I am informed by Dr. Hooker, of European
genera, found in Australia, but not *n the intermediate torrid

regions. In the admirable ‘Introduction to the Flora of

New Zealand,’ by Dr. Hooker, analogous and striking facts are

given in regard to the plants of that large island. Hence
we see that throughout the world, the plants growing on the

more lofty mountains, and on the temperate lowlands of the

northern and southern hemispheres, are sometimes identically

the same; but they are much oftcner specifically distinct,

though related to each other in a most remarkable manner.
This brief abstract applies to plants alone : some strictly

analogous facts could J^e given on the distribution of

terrestrial animals. In marine productions, similar cases

occur ;
as an example, I may quote a remark by the highest

authority. Prof. Dana, that “it is certainly a wonderful fact

that New Zealand should have a closer resemblance in its

Crustacea to Great Britain, its antipode, than to any other

part of the world.” Sir J. Richardson, also, speaks of the

reappearance on the shores of New Zealand* Tasmania, &c.,

of northern^ forms of fish. Dr. Hooker informs me that

twenty-five species of Algae are common to New Zealand
and to Europe, but have not been found in the intermediate

tropical seas.

It should be observed that the northern species 4ind forms
found in the southern parts of the southern hemisphere,

and on the mountain-ranges of the intertropical regions, are

not arctic, but belong to the northern temperate zones. As
Mr. H. C. Watson has recently remarked, “Tn receding from
polar towards equatorial latitudes, the Alpine or mountain
floras really become less and less arctic.” Many of the Ibrms
living on* the mountains of the warmer regions of the earth

and in the southern hemisphere are of doubtful value, being

ranked by some naturalists as specifically distinct, by others

as varieties ; bu’t some are certainly identical, and many,
though closely related to northern forms, must be ranked as-

distinct species.

Now let us see what light can be thrown on the foregoing
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facts, on the belief, supported as it is by a large body of

geological evidence, that the whole world, or a Hrge part

of it, was during the Glacial period simultaneously much
colder than at present. The Glacial period, as measured
by years, must have been very long

;
and when •we remember

over what vast spaces some naturalised
^
plants and animals

have spread within a few centuries, this period will have been

ample for any amount of migration. As the cold came slojwly

on, all the tropical plants and other productions will have

retreated from both sidej towards the equator, followed in

ithc rear by the temperate productions, and these by the arctic

;

but with the latter we are not now concerned. The tropical

plants probably suffered much extinction
;
how much no one

can say
;
perhaps formerly the tropics supported as many

species as we see at the present day crowded together at the

Cape of Good Hope, and in parts of temperate Australia.

As we know that many tropical plants and animals can
withstand a considerable amount qf cold, many might have
escaped extermination during a moderate fall of temperature,

more especially by escaping into the warmest spots. But
the great fact to bear in mind is, that all tropical productions

will have suffered to a certain extent. On the other hand,
the temperate productions, after migrating nearer to the

equator, though^ they will have been placed under somewhat
new conditions, will have suffered less. And it is certain

that many temperate plants, if protected from the inroads

of competitors, can withstand a much warmer climate than
their own. Hence, it seems to me possible, bearing in mind
that the trojMcal productions were in a suffering state and
could notd have presented a firm front against intruders, that

a certain number of the more vigorous and dominant* tem-
j:>erate forms might have penetrated the native ranks and
have reached or even crossed the equator. The invasion

would, of course, have been greatly favoured by high land,

and perhaps by a dry climate
; for Dr. Falconer informs me

that ft is the damp with the heat of the tropics which is so
destructive to perennial plants from a temperate* climate.
On the other iiand, the most humid and hottest districts

will have afforded an asylum to the tropical natives. The
znountain-ranges north-west of the Himalaya, and the long
line of the Cordillera, seem to have afforded two great lines
of invasion : and it is a striking fact, lately communicated
to me by Br. Hooker, that all the flowering plants, about
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forty-six in number, common to Tierra del Fuego and* to

Europe* still exist in North America, which must have lain

on the line of march. But I do not doubt that some
temperate productions entered and crossed even the lowlands

of the tropios at the period when the cold was most intense,

—when arctic forms had migrated some twenty-five degrees

of latitude from tneii native country and covered the land

at the foot of the Pyrenees. At tfiis period of extreme cold,

I believe that the climate under the equator at the level

of the sea was about the same with that now felt there at

the height of six or seven thousand feet. During this the

coldest period, I suppose that large spaces of the tropical

lowlands were clothed with a mingled tropical and temperate
vegetation, like that now growing with strange luxuriance

at the base of the Himalaya, as graphically described by
Hooker.

Thus, as I believe, a considerable number of plants, a

few terrestrial animals, aqd some marine productions, migrated
during the Glacial period from the northern and southern

temperate zones into the intertropical regions, and some
even crossed the equator. As the warmth returned, these

temperate forms would naturally ascend the higher mountains,

being exterminated on the lowlands ; those which had not

reached the equator, would re-migrate northward or south-

ward towards their former homes ;
but fiie forms, chiefly

northern, which had crossed the equator, would travel still

further from their homes into the more temperate latitudes*

of the .opposite hemisphere. Although we have reason to

believe from geological evidence that the whole body of

arctic shells underwent scarcely any modification during

thefl: long* southern migration and re-migration northward,

the case may have been wholly different with those intruding

forms which settled themselves on the intertropical mountains,

and in the southern hemisphere. These being surrounded

by strangers will have had to compete with many new forms

of life
; and it is probable that selected modifications% their

structure, habits, and constitutions will have profited them.

Thus many of these wanderers, though still plainly related

by inheritance to their brethren of the northern or southern

hemispheres, nbw exist in their new homes as well-marked

varieties or as distinct species.

It is a remarkable fact, strongly insisted on by Hooker
in regard to America, and by Alph. de Candolle in regard
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to j\ustralia, that many more identical plants and allied forms

have apparently migrated from the north to the soufh, than

in a reversed direction. We see, however, a few southern

vegetable forms on the mountains of Borneo and Abyssinia.

I suspect that this preponderant migration frdm north to

south is due to the greater extent of land^ in the north, and
to the northern forms having existed in their own homes
in greater numbers, and having consequently been advance^
through natural selection and competition to a higher stage

of perfection or dominating power, than the southern forms.

And thus, when they became commingled during the Glacial

period, the northern forms were enabled to l)eat the less

powerful southern forms. Just in the same manner as we
see at the present day, that very many European productions

cover the ground in La Plata, and in a lesser degree in

Australia, and have to a certain extent beaten the natives

;

whereas extremely few southern forms have become naturalised

in any part of Europe, though hides,, wool, and other objects

likely to carry seeds have been largely imported into Europe
during the last two or three centuries from La Plata, and
during the last thirty or forty years from Australia. Something
of the same kind must have occurred on the intertropical

mountains : no doubt before the Glacial period they were
stocked with end,emic Alpine forms; but these have almost
everywhere largely yielded to the more dominant forms,

generated in the larger areas and more efficient
^
workshops

of the north. In many islands the native productions are

nearly equalled or even outnumbered by^ the naturalised

;

and if the natives have not been actually exterminated, their

numbers have been greatly reduced, and this is the first

stage towards extinction, A mountain is an island on* the
land; and the intertropical mountains before the Glacial

period must have been completely isolated
;
and I believe

that the productions of these islands on the land yielded

to those produced within the larger areas of the north, just

in th# same way as the productions of real islands have
everywhere lately yielded to continental forms, naturalised

by man’s agency.

I am far from supposing that all difficulties are removed
on the view here given in regard to the range and affinities

of the allied species w^hich live in the northern and southern
temperate zones and on the mountains of the intertropical

regions. Very many difficulties remain to be solved. I
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do not pretend to indicate the exact lines and means of

migration, or the reason why certain species and not others

have migrated
;
why certain species have been modified and

have given rise to new groups of forms, and others have
remained uifaltered. We cannot hope to explain such facts,

until we can say yrhy one species and not another becomes
naturalised by man’s agency in ^ foreign land

;
why one

ranges twice or thrice as far, and is twice or thrice as common,
as another species within their own homes.

I have said that many difficulties remain to be solved

:

some of the most remarkable are stated with admirable
clearness by Dr. Hooker in his botanical works on the antarctic

regions. These cannot be here discussed. I will only say

that as far as regards the occurrence of identical species

at points so enormously remote as Kerguelen Land, New
Zealand, and Fuegia, I believe that towards the close of

the Glacial period, icebergs, as suggested by Lyell, have
been largely concerned in their dispersal. But the existence

of several quite distinct species, belonging to genera ex-

clusively confined to the south, at these and other distant

points of the southern hemisphere, is, on my theory of descent

with nnodification, a far more remarkable case of difficulty.

For some of these species are so distinct, that we cannot
suppose that there has been time since the commencement
of the Glacial period for their migration, and for their

subsequent modification to the necessary degree. The facts

seem to me to indicate that peculiar and very distinct species*

have migrated iq radiating lines from some common centre

;

and I am inclined to look in the southern, as in the northern

hemisphere, to a former and warmer period, 'before the

co.mmence’hient of the placial period, when the Antarctic

lands, now covered with ice, supported a highly peculiar and
isolated flora. I suspect that before this flora was exterminated

by the Glacial epoch, a few forms were widely dispersed

to various points of the southern hemisphere by occasional

means of transport, and by the aid, as halting-places, of

existing and now sunken islands, and perhaps at the com-
mencement of the Glacial period, by icebergs. By these

means, as I believe, the southern shores of America, Australia,

New Zealand have become slightly tinted by the same
peculiar forms of vegetable life.

Sir C. Lyell in a striking passage has speculated, in language
almost identical with mine, on the effects of great alter-
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nations of climate on geographical distribution. I believe

that the world has recently felt one of his great cycles of

change
; and that on this view, combined with modification

through natural selection, a multitude of facts in the present

distribution both of the same and of allied forms of life can
be explained. The living waters may# be said to have
flowed during one shorV period from the north and from
the south, and to have crossed at the equator

; but to have
flowed with greater force from the north so as to have freely

inundated the south. As ^he tide leaves its drift in horizontal

lines, though rising higher on the shores where the tide

rises highest, so have the living waters left their living drift

on our mountain-summits, in a line gently rising from the

actic lowlands to a great height under the equator. The
various beings thus left stranded may be compared with

savage races of man, driven up and surviving in the mountain-
fastnesses of almost every land, which serves as a record,

full of interest to us, of the farmer inhabitants of the

surrounding lowlands.



CHAPTER XII.

Geographicai. Distribution—contmued.

Distribution of fresh-water productions—On the inhabitants of oceanic

islands—Absence of Batrachians and of terrestrial Mammals- On
the relation of the inhabitants of islands to those of the nearest

mainland—On colonisation from the nearest source with subsequent

modiiication—Summary of the last and present chajiters.

As lakes and river-systenjs arc separated from each other by
barriers of land, it might have been thought that fresh-water

productions would not have ranged widely within the same
country, and as the sea is apparently a still more impassable

barrie?, that they never would have extended to distant

countries. But the case is exactly the reverse. Not only

have many fresh-water species, belonging tp quite different

classes, an enormous range, but allied species prevail in a

remarkable jnanner throughout the world. I well remember,
when first collecting in the fresh waters of Brazil, feeling much
surprise at the similarity of the fresh-water insects, shells, &c.,

and at the dissimilarity of the surrounding terrestrial beings,

compared with those of Britain. %

But this p^er in fresh-water productions of ranging«#idely,

though so unexpected, can* I think, in most cases be explained

by their having become fitted, in a manner highly useful to

them, for short and frequent migrations from pond to pond,

or from stream to stream; and liability to wide dispersal

would follow from this capacity as an almost neSessary

consequence. We can here consider only a few cases. In

regard to fish, I believe that the same species never occur in

the fresh waters of distant continents. But on the same
continent the species often range widely and almost caprici-

ously; for two river-systems will have some fish in common
and some different. A few facts seem to favour the possibility

of their occasional transport by accidental means ; like that

297



298 ON THE ORIGIN OF SPECIES.

of the live fish not rarely dropped by whirlwinds Jn India

and the vitality of their ova when removed from the water.

But I am inclined to attribute the dispersal of fresh-water

fish mainly to slight changes within the recent period in the

level of the land, having caused rivers to flow i^to each other.

Instances, also, could be given of this ha^dng occurred during

floods, without any change of level. We have evidence in the

loess of the Rhine of considerable changes of level in the land

within a very recent geological period, and when the surface

was peopled by existing^, land and fresh-water shells. The
wide difference of the fish on opposite sides of continuous

mountain-ranges, which from an early period must have
parted river-systems and completely prevented their inocula-

tion, seems to lead to this same conclusion. With respect to

allied fresh-water fish occurring at very distant points of the

world, no doubt there are many cases which cannot at present

be explained : but some fresh-water fish belong to very ancient

forms, and in such cases there will*have been ample time for

great geographical changes, and consequently time and means
fbr much migration. In the second place, salt-water fish can

with care be slowly accustomed to live in fresh water ; and,

according to Valenciennes, there is hardly a single gfoup of

fishes confined exclusively to fresh water, so that we may
imagine that a /narine member of a fresh-water group might
travel far along the shores of the sea, and subsequently

become modified and adapted to the fresh waterf of a distant

land.

Some species of fresh-water shells have, a very wide range,

and allied species, which, on my theory, are descended from
a common parent and must have proceeded from a.single
sour8e, prevail throughout the wprld. Their ‘uistribution at

first perplexed me much, as their ova are not likely to be
transported by birds, and they are immediately killed by sea

water, as are the adults. I could not even understand how
somj naturalised species have rapidly sprea^throughout the

same country. But two facts, which I have observed—and
no doubt many others remain to be observed—throw some
light on this subject. When a duck suddenly emerges from a
pond covered with duck-weed, I have twic^ seen these little

plants adhering to its back
; and it has happened to me, in

removing a little duck-weed from one aquarium to another,
that I have quite unintentionally stocked the one with fresh-

water shells from the other. But another agency is perhaps
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more effectual: I suspended a duck’s feet, which might
represent ‘those of a bird sleeping in a natural pond, in an
aquarium, where many ova of fresh-water shells were hatching

;

and I found that numbers of the extremely minute and just

hatched shells'* crawled on the feet, and clung to them so

firmly that when taken out of the water they could not be
jarred off, though at a somewhat lyore advanced age they

would voluntarily drop off. These just hatched molluscs,

though aquatic in their nature, survived on the duck’s feet, in

damp air, from twelve to twenty hoyrs ; and in this length of

time a duck or heron might fly at least six or seven hundred
miles, and would be sure to alight on a pool or rivulet, if

blown across sea to an oceanic island or to any other distant

point. Sir Charles Lyell also informs me that a Dyticus has
been caught with an Ancylus (a fresh-water shell like a limpet)

firmly adhering to it ; and a water-beetle of the same family,

a Colymbetes, once flew on board the ‘ Beagle,’ when forty-

five miles distant from the, nearest land : how much farther it

might have flown with a favouring gale no one can tell.

\Vith respect to plants, it has long been known what
enormous ranges many fresh-water and even marsh-species

have, both over continents and to the most remote oceanic

islands. This is strikingly shown, as remarked by Alph. de
Candolle, in large groups of terrestrial plants, yhich have only

a very few aquatic members ; for these latter seem immediately
to acquire, a^ if in consequence, a very wide range. I think

favourable means of dispersal explain this fact. I have before

mentioned that earUi occasionally, though rarely, adheres in

some quantity to the feet and beaks of birds. Wading birds,

which frequent the muddy edges of ponds, if suddenly flushed,

wouldT be th^wost likely to have muddy feet. Birds of this

order I can show are the greatest wanderers, and are occasion-

ally found on the most remote and barren islands in the open
ocean ; they would not be likely to alight on the surface of

the sea, so that the dirt would not be washed off their feet

;

when making land, they would be sure to fly to their natural

fresh-water haunts. I do not believe that botanists are aware
how charged the mud of ponds is with seeds : I have tried

several little experiments, but will here give only the most
striking case : I took in February three table-spoonfuls of mud
from three different points, beneath water, on the edge of a

little pond ; this mud when dry weighed only 6| ounces ; I

kept it covered up in my study for six months, pulling up and
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counting each plant as it grew; the plants were of many
kinds, and were altogether 537 in number

;
and yet 'che viscid

mud was all contained in a breakfast cup ! Considering these

facts, I think it would be an inexplicable circumstance if

water-birds did not transport the seeds of fresh^vvater plants to

vast distances, and if consequently the pnge of these plants

was not very great. Tl-^ same agency may have come into

play with the eggs of some of the smaller fresh-water animals.

Other and unknown agencies probably have also played a
part. I have stated thaf fresh-water fish eat some kinds of
seeds, though they reject many other kinds after having
swallowed them; even small fish swallow seeds of moderate
size, as of the yellow water-lily and Potamogeton. Herons
and other birds, century after century, have gone on daily

devouring fish
;
they then take flight and go to other waters,

or are blown across the sea
;
and w^e have seen that seeds

retain their power of germination, when rejected in pellets or
in excrement, many hours afterwards. When I saw the great

size of the. seeds of that fine water-lily, the Nelumbium, and
remembered Alph. de Candolle’s remarks on this plant, I

thought that its distribution must remain quite inexplicable

;

but Audubon stales that he found the seeds of tke great

southern water-lily (probably, according to Dr, Hooker, the
Nelumbium lul^um) in a heron’s stomach; although I do not
know the fact, yet analogy makes me believe that a heron
flying to another pond and getting a hearty meal^of fish, would
probably reject from its stomach a pellet containing the seeds
of the Nelumbium undigested

; or the seeds might be dropped
by the bird whilst feeding its young, in tfie same way as fish

are kno^f-n sometimes to be dropped.
In ‘Considering these several means of -^il-fatributibn, it

should be remembered that when a pond or stream is first

formed, for instance, on a rising islet, it w'ill be unoccupied

;

and a single seed or egg will have a good chance of succeeding.
Although there will always be a struggle for life between the
individuals of the species, however few, already occupying any
pond, yet as the number of kinds is small, compared with
those on .he land, the competition will probably be less

severe betw een aquatic than between terrestrial species

;

consequently an intruder from the waters of* a foreign country,
w^ould have a better chance ot seizing on a place, than in the
case of terrestrial colonists. We should, also, remember that
some, perhaps many, fresh-water productions are low in the
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scale of nature, and that we have rea? on to believe that such

low beings change or become modific d less quickly than the

high
;
and this will give longer time than the average for the

migration of the same aquatic species. We should not forget

the probabili^y of many species having formerly ranged as

continuously as fresh-water productions ever can range, over

immense areas, and having subsequently become extinct in

intermediate regions. But the wide distribution of fresh-water

plants and of the lower animals, whether retaining the same
identical form or in some degree jpodified, I believe mainly

depends on the wide dispersal of their seeds and eggs by
animals, more especially by fresh-water birds, which have
large powers of flight, and naturally travel from one to

another and often distant piece of water. Nature, like a

careful gardener, thus takes her seed from a bed of a par-

ticular nature, and drops them in another equally well fitted

for them.

•

On the Inhabitants of Oceanic Islands.—We now come to

the last of the three classes of facts, which I have selected

as presenting the greatest amount of difficulty, on the view

that all the individuals both of the same and of allied

species have descended from a single parent
;
and therefore

have all proceeded from a common birthplace, notwithstanding

that in the course of time they have come to inhabic distant

points of the globe. I have already stated that I cannot
honestly admit Forbes’s view on continental extensions, which,

if legitimately followed out, would lead to the belief that

within the recent period all existing islands have been nearly

or quite joined to some continent. This view woiAd remove
man/ diflieflitatts, but it would not, I think, explain ^11 the

facts in regard to insular productions. In the following

remarks I shall not confine myself to the mere question of

dispersal
;

but shall consider some other facts, w'hich bear

on the truth of the two theories of independent creati^ and
of descent with modification.

The six-'cies of all kinds which inhabit oceanic islands are

few in number compared with those on equal continental

areas : Alph. de Candolle admits this for plants, and
Wollaston for insects. If we look to the large size and
varied stations of New Zealand, extending over 780 miles

of latitude, and compare its flowering plants, only 750 in

number, wMth those on an equal area at the Cape of Good
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riope or in Australia, we must, I think, admit that something

quite independently of any difference in physical conditions

has caused so great a difference in number. Even the

uniform county of Cambridge has 847 plants, and the little

island of Anglesea 764, but a few ferns and a few introduced

plants are included in these numbers, and the comparison

in some other respects is not quite fair.* We have evidence

that the barren island of Ascension aboriginally possessed

under half-a-dozen flowering plants
;

yet many have become
naturalised on it, as they have on New Zealand and on every

other oceanic island whidi can be named. In St. Helena
there is reason to believe that the naturalised plants and
animals have nearly or quite exterminated many native

productions. He who admits the doctrine of the creation

of each separate species, will have to admit, that a sufficient

number of the best adapted plants and animals have not

been created on oceanic islands
;
for man has unintentionally

stocked them from various sources f{^r more fully and perfectly

than has nature.

Although in oceanic islands the number of kinds of

inhabitants is scanty, the proportion of endemic species

{ie. those found nowhere else in the world) is often extremely

large. If we compare, for instance, the number of the

endemic land-sl^ells in Madeira, or of the endemic birds in

the Galapagos Archipelago, with the number found on any

continent, and then compare the area of the islands with

that of the continent, we shall see that this is* true. This

fact might have been expected on my theory, for, as already

explained, species occasionally arriving after long intervals in

a new an« isolated district, and having to compete with new
associates, will be eminently liable to modifi<3n.i^jn, ahfl will

often produce groups of modifiei descendants. But it by
no means follows, that, because in an island nearly all the

species of one class are peculiar, those of another class, or

of another section of the same class, are peculiar; and this

diffei^nce seems to depend on the species which do not

become modified having immigrated with facility and in a

body, so that their mutual relations have not been much
disturbed. Thus in the Galapagos Islands nearly every

land-bird, but only two out of the eleven marine birds,^ are

peculiar
; and it is obvious that marine birds could arrive at

these islands more easily than land-birds. Bermuda, on the

other hand, which lies at about the same distance from North
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America as the Galapagos Islands do from South America,

and whfch has a very peculiar soil, does not possess one
endemic land-bird ; and v^e know from Mr. ] . M. J ones’s

admirable account of Bermuda, that very many North
American birds, during their great annual migrations, visit

either periodically Cjr occasionally this island. Madeira does

not possess one peculiar bird, and m^ny European and African

birds are almost every year blown there, as I am informed

by Mr. E. V. Harcourt. So that these two islands of Bermuda
and Madeira have been stocked byi birds, which for long ages

have struggled together, in their former homes, and have

become mutually adapted to each other; and when settled

in their new homes, each kind will have been kept by the

others to their proper places and habits, and will consequently

have been little liable to modification. Madeira, again, is

inhabited by a wonderful number of peculiar land-shells,

whereas not one species of sea-shell is confined to its shores

;

now, though we do not tknow how sea-shells are dispersed,

yet we can see that their eggs or larvae, perhaps attached to

seaweed or floating timber, or to the feet of wading-birds,

might be transported far more easily than land-shells, across

three or four hundred miles of open sea. The different

orders of insects in Madeira apparently present analogous

facts. •

Oceanic islands are sometimes deficient in certain classes,

and their places are apparently occupied by the other in-

habitants
;

in the Galapagos Islands reptiles, and in New '

Zealand -gigantic {(ringless birds, take the place of mammals.
In the plants of the Galapagos Islands, Dr. Hooker has

shown, that the proportional numbers of the different orders

are very diffti^it from what they are elsewhere. Such cases

are generally accounted for by the physical conditions of the

islands
; but this explanation seems to me not a little doubt-

ful. Facility of immigration, I believe, has been at least as

important as the nature of the conditions. ^
Many remarkable little facts could be given with respect

to the inhabitants of remote islands. For instance, in certain

islands not tenanted by mammals, some of the endemic plants

have beautifully ^hooked seeds; yet few relations are more
striking than the adaptation of hooked seeds for transportal

by the wool and fur of quadrupeds. This case presents no
difficulty on my view, for a liooked seed might be transported

to all island by some other means
; and the plant then
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becoming slightly modified, but still retaining its hoc
seeds, would form an endemic species, having as use

an appendage as any rudimentary organ,—for instance

the shrivelled wings under the soldered elytra of n

.

insular beetles. Again, islands often possess trees or bu
belonging to orders which elsewhere include only herbac<

species ; now trees, as .^Iph. de Candolle has shown, gene,

have, whatever the cause may be, confined ranges.

trees would be little likely to reach distinct oceanic islai

and an herbaceous plapt, though it would have no chi

of successfully competing in stature with a fully develc

tree, when established on an island and having to com
with herbaceous plants alone, might readily gain an advan
by growing taller and taller and overtopping the other ph
If so, natural selection would often tend to add to the sta

of herbaceous plants wdien growing on an island, to what
order they belonged, and thus convert them first into bu
and ultimately into trees.

With respect to the absence of whole orders on oce
islands, Bory St. Vincent long ago remarked that Batrach

(frogs, toads, newts) have never been found on any of

many islands with which the great oceans are studded
have taken pains to verify this assertion, and I have fo

it strictly true« I have, however, been assured that a

exists on the mountains of the great island of New Zeala

but I suspect that this exception (if the information be con
may be explained through glacial agency. This ger

absence of frogs, toads, and newts on so many oce.

islands cannot be accounted for by their physical conditic

indeed it seems that islands are peculiarly well fitted

these* animals ; for frogs have been introduce<?'Vnto Mad(
the Azores, and Mauritius, and have multiplied so as

become a nuisance. But as these animals and their sp-

are known to be immediately killed by sea water, on
vievj we can see that there would be great difficulty in t

transportal across the sea, and therefore why they do
exist on any oceanic island. But why, on the* theory

creation, they should not have been created there, it wc
be very difficult to explain.

Mammals offer another and similar case. I have caref

searched the oldest voyages, but have not finished my sear

as yet I have not found a sin^e instance, free from doi

of a terrestrial mammal (excluding domesticated animals k
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T the natives) inhabiting an island situated above Joo
iles fi\Dm a continent or great continental island

; and many
lands situated at a mi^h less distance are equally barren,

he Falkland Islands, which are inhabited by a wolf-like

ix, come nearest to an exception; but this group cannot
B considered as oceanic, as it lies on a bank connected
ith the mainlarM; moreover, icebergs formerly brought
oulders to its western shores, arJti they may have formerly

ansported foxes, as so frequently now happens in the arctic

jgions. Yet it cannot be said that small islands will not
ipport small mammals, for they occur in many parts of

le world on very small islands, if close to a continent
;
and

ardly an island can be named on which our smaller quad-

jpeds have not become naturalised and greatly multiplied,

t cannot be said, on the ordinary view of creation, that

lere has not been time for the creation of mammals
;
many

Dlcanic islands are sufficiently ancient, as shown by the

upendous degradation which they have suffered and by
leir tertiary strata ; there has also been time for the pro-

uction of endemic species belonging to other classes
; and

a continents it is thought that mammals appear and dis-

opear at a quicker rate than other and lower animals,

hough terrestrial mammals do not occur on Oceanic islands,

irial mammals do occur on almost every island. New
ealand possesses tAvo bats found nowhere else in the

rid : Norfolk Island, the Viti Archipelago, the Bonin
lands, tht Caroline and Marianne Archipelagoes, aneW

..^auritii;s, all possess their peculiar bats. Why, it may be
ked, has the supposed creative force produced bats and

t * other mammals on remote islands ? On m}i view this

‘’CStion Gur^asily be answered; for no terrestrial mammal
1 be transported across? a wide space of sea, but bats can
across. Bats have been seen wandering by day far over

5 Atlantic Ocean ; and two North American species either

;,ular]y or occasionally visit Bermuda, at the distance of

o miles from the mainland. I hear from Mr. Tomes,
o has specially studied this family, that many of the same
;cies have enormous ranges, and are found on continents

/ i on far distant islands. Hence we have only to suppose
.t such wandering species have been modified through
ural selection in their new homes in relation to their new
iition, and we can understand the presence of endemic
s on islands, with the absence of all terrestrial mammals.

20
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'Besides the absence of terrestrial mammals in relation to

the remoteness of islands from continents, there fe also a

relation, to a certain extent independent of distance, between
the depth of the sea separating in island from the neigh-

bouring mainland, and the presence in both# of the same
mammiferous species or of allied species in a more or less

modified condition. Mr. Windsor Eail has made some
striking observations on ^this head in regard to the great

Malay Archipelago, which is traversed near Celebes* by a

space of deep ocean; and this space separates two widely

distinct mammalian faunas. On either side the islands are

situated on moderately deep submarine banks, and they

are inhabited by closely allied or identical quadrupeds. No
doubt some few anomalies occur in this great archipelago,

and there is much difficulty in forming a judgment in some
cases owing to the probable naturalisation of certain mammals
through man’s agency; but we shall soon have much light

thrown on the natural history of
^
this archipelago by the

admirable zeal and researches of Mr. Wallace. I have not

as yet had time to follow up this subject in all other quarters

of the world
;
but as far as I have gone, the relation generally

holds good. We see Britain separated by a shallow channel
from Europe, and the mammals are the same on both sides

;

we meet with analogous facts on many islands separated

by similar channels from Australia. The West Indian

Islands stand on a deeply submerged bank, nearly looo
fathoms in depth, and here we find American forms, but

the species and even the genera are distinct. As the

amount of modification in all cases depends to a certain

degree oi> the lapse of time, and as during changes of level

it is obvious that islands separated by shallo^ir^iannels are

more likely to have been continuously united within a recent

period to the mainland than islands separated by deeper

channels, we can understand the frequent relation between

the depth of the 'sea and the degree of affinity of the

mamrfjalian inhabitants of islands with those of a neigh-

bouring continent,—an inexplicable relation on the view ol

independent acts of creation.

Al) the foregoing remarks on the inhabitants of oceanic

islands,—namely, the scarcity of kinds—the richness in

endemic forms in particular classes or sections of classes,

—the absence of old groups, as of batrachians, and of

terrestrial mammals notwithstanding the presence of aerial
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bats, singular proportions of certain orders of plants,

—

herbaceous forms having been developed into trees, &c.,

—

seem to me to accord^etter with the view of occasional

means of transport having been largely efficient in the long

course of tirSe, than with the view of all our oceanic islands

having been formerly connected by continuous land with

the nearest continent
;
for on this* latter view the migration

would probably have been more complete ; and if modification

be admitted, all the forms of life would have been more
equally modified, in accordance vdth the paramount import-

ance of the relation of organism to organism.

I do not deny that there are many and grave difficulties

in understanding how several of the inhabitants of the more
remote islands, whether still retaining the same specific form
or modified since their arrival, could have reached their

present homes. But the probability of many islands having

existed as halting-places, of which not a WTCck now remains,

must not be overlooked# I will here give a single instance

of one of the cases of difficulty. Almost all oceanic islands,

even the most isolated and smallest, are inhabited by land-

shells, generally by endemic species, but sometimes by species

found* elsewhere. Dr. Aug. A. Gould has given several in-

teresting cases in regard to the land-shells of the islands of the

Pacific. Now it is notorious that land-shelis are very easily

killed by salt
;

their eggs, at least such as I have tried

sink in sea^water and are killed by it. Yet there must be,

on my view, some unknown, but highly efficient means for*

their transportal. *\\’ould the just-hatched young occasionally

crawl on and adhere to the feet of birds roosting on the

groiyid, and thus get transported? It occurred to me that

land-shells,** wlien hyberrigting and having a membranous
diaphragm over the mouth of the shell, might be floated

in chinks of drifted timber across moderately wide arms of

the sea. And I found that several species did in this state

withstand uninjured an immersion in sea-water during^ seven

days: one of these shells was the Helix pomatia, and after

it had again hybernated I put it in sea-water for twenty

days, and it perfectly recovered. As this species has a

thick calcareous operculum, I removed it, and when it had
formed a new membranous one, I immersed it for fourteen

days in sea-water, and it recovered and crawled away : but

more experiments are wanted on this head.

The most striking and important fact for us in regard to
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the inhabitants of islands, is their affinity to those of the

nearest mainland, without being actually the same species.

Numerous instances could be given^f this fact. I will give

only one, that of the Galapagos Archipelago, situated under
the equator, between 500 and 600 miles frofti the shores

of South America. Here almost every pr^oduct of the land

and water bears the unmjstakeable stamp of the American
continent. There are twenty-six land birds, and twenty-five

of these are ranked by Mr. Gould as distinct species, supposed
to have been created here^ yet the close affinity of most of

these birds to American species in every character, in their

habits, gestures, and tones of voice, was manifest. So it

is with the other animals, and with nearly all the plants,

as shown by Dr. Hooker in his admirable memoir on the

Flora of this archipelago. The naturalist, looking at the

inhabitants of these volcanic islands in the Pacific, distant

several hundred miles from the continent, yet feels that he
is standing on American land. W^hy should this be so?
why should the species which are supposed to have been
created in the Galapagos Archipelago, and nowhere else, bear

so plain a stamp of affinity to those created in America?
There is nothing in the conditions of life, in the geological

nature of the islands, in their height or climate, or in the

proportions in which the several classes are associated together,

which resembles closely the conditions of the South American
coast : in fact there is a considerable dissimilarity,.'n all these

"lespects. On the other hand, there is a considerable degree

of resemblance in the volcanic nature of th\e soil, in climate,

height, and size of the islands, between the Galapagos and
Cape de \ erde Archipelagoes : but what an entire

.

^and

absolute difference in their inhabitants ! The^’ffilbitants. of

the Cape de Verde Islands are related to those of Africa, like

those of the Galapagos to America. I believe this grand fact

can receive no sort of explanation on the ordinary view of

independent creation
; whereas on the view here maintained,

it is oDvious that the Galapagos Islands would be likely to

receive colonists, whether by occasional means of transport

or by formerly continuous land, from America ;
and the Cape

de Verde Islands from Africa ; and that such ^colonists would
be liable to modification ;—the principle of inheritance still

betraying their original birthplace.

Many analogous facts could be given: indeed it is an
almost universal rule that the endemic productions of islands
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are related to those of the nearest continent, or of other ndhr

islands. •The exceptions are few, and most of them can be
explained. Thus the plants of Kerguelen Land, though
standing nearer to Afnc» than to America, are related, and
that very cloaely, as we know from Dr. Hooker’s account, to

those of America : but on the view that this island has been
mainly stocked by seeds brought with earth and stones on
icebergs, drifted by the prevailing currents, this anomaly
disappears. New Zealand in its endemic plants is much more
closely related to Australia, the ne;yest mainland, than to any
other region : and this is what might have been expected i

but it is also plainly related to South America, which, although

the next nearest continent, is so enormously remote, that the

fact becomes an anomaly. But this difficulty almost dis-

appears on the view that both New Zealand, South America,
and other southern lands were long ago partially stocked from
a nearly intermediate though distant point, namely from the

antarctic islands, when ^they were clothed with vegetation,

before the commencement of the Glacial period. The affinity,

which, though feeble, I am assured by Dr. Hooker is real,

between the flora of the south-western corner of Australia and
of the* Cape of Good Hope, is a far more remarkable case,

and is at present inexplicable: but this affinity is confined

to the plants, and will, I do not doubt^ be some day
explained.

The law which causes the inhabitants of an archipelago,

though spe(5fically distinct, to be closely allied to those ofc^

the near/;st continent, we sometimes see displayed on a small

scale, yet in a mtst interesting manner, within the limits of
the same archipelago. Thus the several islan^.s of the

Galzi^agos^fc^-^hipelago are tenanted, as I have elsewhere

shown, in a quite marvellous manner, by very closely related

species ; so that the inhabitants of each separate island, though
mostly distinct, are related in an incomparably closer degree
to each other than to the inhabitants of any other part of the

world. And this is just what might have been expeAed on
my view^ for the islands are situated so near each other that

they would almost certainly receive immigrants from the same
original source, or from each other. But this dissimilarity

between the endemic inhabitants of the islands may be used
as an argument against my views ; for it may be asked, how
has it happened in the several islands situated within sight

of each other, having the same geological nature, the same
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height, climate, &c., that many of the immigrants should have
been differently modified, though only in a small* degree.

This long appeared to me a great ^fficulty : but it arises in

chief part from the deeply-seated^ error of considering the

physical conditions of a country as the most imf)ortant for its

inhabitants
;
whereas it cannot, I. think, b^ disputed that the

nature of the other inhgLbitants, with which each has to

compete, is at least as important, and generally a far jmore

important element of success. Now if we look to those

inhabitants of the Galapag^is Archipelago which are found in

other parts of the world (laying on one side for the moment
the endemic species, which cannot be here fairly included, as

we are considering how they have come to be modified since

their arrival), we find a considerable amount of difference in

the several islands. This difference might indeed have been
expected on the view of the islands having been stocked by
occasional means of transport—a seed, for instance, of one
plant having been brought to one island, and that of another
plant to another island. Hence when in former times an
immigrant settled on any one or more of the islands, or wheti

it subsequently spread from one island to another, it would
undoubtedly be exposed to different conditions of life ‘in the

different islands, for it would have to compete with different

sets of organismSr.’ a plant, for instance, would find the best-

fitted ground more perfectly occupied by distinct plants in one
island than in another, and it would be exposed tq the attacks

*of somewhat different enemies. If then it varied, natural

selection would probably favour different^ varieties • in the

different islands. Some species, however, might spread and
yet retain ^he same character throughout the group, just as

we see* on continents some specifs spreadirt^^’'^idely and
remaining the same.

The realiy surprising fact in this case of the Galapagos
Archipelago, and in a lesser degree in some analogous

instances, is that the new species formed in the separate

islands have not quickly spread to the other islands. But
the islands, though in sight of each other, are separated by
deep arms ol the sea, in most cases wider than the British

Channel, and there is no reason to supjjose tljat they have at

any former period been continuously united. The currents

of the sea are rapid and sweep across the archipelago, and
gales of wind are extraordinarily rare

;
so that the islands are far

more effectually separated from each other than they appear to
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be on a map. Nevertheless a good many species, both th(5se

found in other parts of the world and those confined to the

archipelago, are common, to the several islands, and we may
infer from certain facts tlJ^t these have probably spread from
some one isl.'^nd to the others. But we often take, I think,

an erroneous view of the probability of closely allied species

invading each other’s territory, when put into free intercom-

munication. Undoubtedly if one Species has any advantage
whatever over another, it will in a very brief time wholly or in

part supplant it ; but if both are equally well fitted for their

own places in nature, both probablj wall hold their own places

and keep separate for almost any length of time. Being
familiar with the fact that many species, naturalised through

man’s agency, have spread with astonishing rapidity over new
countries, we are apt to infer that most species would thus

spread ; but we should remember that the forms which
become naturalised in new countries are not generally closely

allied to the aboriginal inhabitants, but are very distinct

species, belonging in a ‘large proportion of cases, as shown
by Alph. de Candolle, to distinct genera. In the Galapagos
Archipelago, many even of the birds, though so well adapted
for flying from island to island, are distinct on each ; thus there

are three closely-allied species of mocking-thrush, each confined

to its own island. Now let us suppose the mocking-thrush of

Chatham Island to be blown to Charles Island, w’liich has its

own mocking-thrush : why should it succeed in establishing

Itself there r* We may safely infer that Charles Island is welL
stocked, with its own species, for annually more eggs are laid

there than can pdssibly be reared ;
and we may infer that the

mocking-thrush peculiar to Charles Island is at l«ast as well

fitted’ for Jiome as is the species peculiar to CJiatham
Island. Sir C. Lyell and* Mr. Wollaston have communicated
to me a remarkable fact bearing on this subject

;
namely, that

Madeira and the adjoining islet of Porto Santo possess many
distinct but representative land-shells, some of which live in

crevices of stone ; and although large quantities of stSne arc

annually, transported from Porto Santo to Madeira, yet this

latter island has not become colonised by the Porto Santo

species : nevertheless both islands have been colonised by
some Europeaft land-shells, which no doubt had some
advantage over the indigenous species. From these considera-

tions I think we need not greatly marvel at the endemic and
representative species, which inhabit the several islands of the
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Galapagos Archipelago, not having universally spread, from
island to island. In many other instances, as in th\i several

districts of the same continent, prf-occupation has probably

played an important part in che/king the commingling of

species under the same conditions of life. Thus, the south-

east and south-west corners of Australia have nearly the same
physical conditions, and are united by feontinuous land, yet

they are inhabited by £ vast number of distinct mammals,
birds, and plants.

The principle which determines the general character of

the fauna and flora of oceanic islands, namely, that the

inhabitants, when not identically the same, yet are plainly

related to the inhabitants of that region whence colonists could
most readily have been derived,—the colonists having been
subsequently modified and better fitted to their new homes,

—

is of the widest application throughout nature. We see this

on every mountain, in every lake and marsh. For Alpine

species, excepting in so far as the same forms, chiefly of plants,

have spread widely throughout the world during the recent

Glacial epoch, are related to those of the surrounding lowlands
;—thus we have in South America, Alpine humming-birds,

Alpine rodents, Alpine plants, &c., all of strictly American
forms, and it is obvious that a mountain, as it became slowdy

upheaved, would naturally be colonised from the surrounding

lowlands. So it’ is with the inhabitants of lakes and marshes,

excepting in so far as great facility of transport has given the

same general forms to the w^hole world. We s*ce this same
principle in the blind animals inhabiting the caves of. America
and of Europe. Other analogous facts couid be given. And
it will, I Ifjlieve, be universally found to be true, that wherever
in two* regions, let them be ever so distant, ma^ii«:osely-allied

or representative species occur, there will likewise be found
some identical species, showing, in accordance with the fore-

going view, that at some former period there has been inter-

communication or migration between the tw^o regions. And
w'here^er many closely-allied species occur, there will be found
many forms which some naturalists rank as distinct species,

and some as varieties; these doubtful forms showing us the

steps in the process of modification

This relation between the power and extent of migration of

a species, either at the present time or at some former period

under different physical conditions, and the existence at remote
points of the world of other species allied to it, is shown in
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another and more general way. Mr. Gould remarked to me
long ago*, that in those genera of birds which range over the

,world, many of the species have very wide ranges. I can

^

hardly doubt that this ru^^f is generally true, though it would
>he difficult to ()rove it. Amongst mammals, we see it strikingly

i^splayed in Bats, and in a lesser degree in the Felidae and
Canidae. We see it^ if we compare the distribution of butter-

flies and beetles. So it is with mo?t fresh-water productions,

in which so many genera range over the world, and many
individual species have enormous ranges. It is not meant
that in world-ranging genera all the*species have a wide range,

or even that they have oh an average a wide range
;
but only

that some of the species range very widely \ for the facility

with which widely-ranging species vary and give rise to new
forms will largely determine their average range. For instance,

two varieties of the same species inhabit America and
Europe, and the species thus has an immense range

;
but,

if the variation had been a little greater, the two varieties

would have been ranked as distinct species, and the common
range w'ould have been greatly reduced. Still less is it

meant, that a species which apparently has the capacity

of crossing barriers and ranging widely, as in the case of

certain powerfully-winged birds, will necessarily range widely

;

for we should never forget that to range widely implies

not only the power of crossing barriers, but *the more impor-

tant power of being victorious in distant lands in the

struggle for Tife with foreign associates. But on the view oL
all the species of a genus having descended from a single

parent, though noV distributed to the most remote points of

the world, we ought to find, and I believe as a general rule we
do fftid, tlm^^ at least of the species range very widely

;

for ‘it is necessary that the unmodified parent should range

widely, undergoing modification during its diffusion, and should

place itself under diverse conditions favourable for the con-

version of its offspring, firstly into new varieties and ultimately

into new species. •

In considering the wide distribution of certain genera, W’e

should bear in mind that some are extremely ancient, and
must have branched off from a common parent at a remote
epoch

;
so that fli such cases there will have been ample time

for great climatal and geographical changes and for accidents

of transport
;
an

'

"*nsequently for the migration of some of

the species into all qv *rters of the w^orld, where they may have
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become slightly modified in relation to their new conditions.

There is, also, some reason to believe from geological* evidence

that organisms low in the scale withui each great class, generally

change at a slower rate than the^iigher forms
;
and conse-

quently the lower forms will have had a blotter chance of

ranging widely and of sfill retaining the same specific character.

This fact, together with the seeds and egj^ of many low forms

being very minute and better fitted for distant transportation,

probably accounts for a law which has long been obWrved,
and which has lately been admirably discussed by Alph. do
Candolle in regard to plaAts, namely, that the lower any group
of organisms is, the more widely it is apt to range.

The relations just discussed,—namely, low and slowly-

changing organisms ranging more widely than the high,—some
of the species of widely-ranging genera themselves ranging

widely,—such facts, as alpine, lacustrine, and marsh productions

being related (with the exceptions before specified) to those

on the surrounding low lands and dry lands, though these

stations are so different—the very close relation of the distinct

species which inhabit the islets of the same archipelago,—and
especially the striking relation of the inhabitants of each whole
archipelago or island to those of the nearest mainlan^l,—are,

I think, utterly inexplicable on the ordinary view of the

independent creation of each species, but are explicable on
the view of coldnisation from the nearest and readiest source,

together with the subsequent modification and better adapta-

tion of the colonists to their new homes. •

Summary of last and present Chapters.-^ln these chapters

I have endeavoured to show, that if we make due allowance

for our ignorance of the full effects of all the cl^gjjgC3 of climate

and of the level of the land, which have certainly occurred

w'ithin the recent period, and of other similar changes which
may have occurred within the same period ; if we remember
how profoundly ignorant we are with respect to the many and
curioifj means of occasional transport,—a subject which has

hardly ever been properly experimentised on
;

if w;e bear in

mind how often a species may have ranged continuously over
a wide area, and then have become extinct in the intermediate

tracts, I think the difficulties in believing that ’all the individuals

of the same species, wherever located, have descended from
the same parents, are not insuperable. And are led to

this conclusion, which has been arrived at by many naturalists
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under the designation of single centres of creations, by some
general considerations, more especially from the importance

of harriers and from the ar'alogical distribution of sub-genera,

genera, and families. •

With resped to the distinct species of the same genus,

which on my theory must have spread from one parent-source
;

if we make the same allowances as before for our ignorance,

and remember that some forms of life change most slowly,

enormous periods of time being thus granted for their

migration, 1 do not think that the difficulties are insuperable

;

though they often are in this case, and in that of the individuals

of the same species, extremely grave.

As exemplifying the effects of climatal changes on distribution,

I have attempted to show how important has been the influence

of the modern Glacial period, which I am fully convinced
simultaneously affected the whole world, or at least great

meridional belts. As showing how diversified are the means
of occasional transport, I have discussed at some little length

the means of dispersal of fresh -water productions.

If the difficulties be not insuperable in admitting that in the

long course of time the individuals of the same species, and
likewise!* of allied species, have proceeded from some one
source

; then I think all the grand leading facts of geographical

distribution are explicable on the theory of mig^ration (generally

of the more dominant forms of life), together with subsequent
modification gnd the multiplication of new forms. We can
thus understand the high importance of barriers, whether of"

land or water, wlych separate our several zoological and
botanical provinces. We can thus understand the localisation

of sub;-genera, genera, and families ; and how it is tTiat under
different ifliiudfes, for ii^tance in South Americd, the

inhabitants of the plains and mountains, of the forests, marshes,

and deserts, arc in so mysterious a manner linked together by
affinity, and are likewise linked to the extinct beings which
formerly inhabited the same continent Bearing in min^ that

the mutual relations of organism to organism are of the highest

importance, we can see why two areas having nearly the same
physical conditions should often be inhabited by very different

forms of life; for^according to the length of time which has

elapsed since new inhabitants entered one region
;
according

to the nature of the communication which allowed certain

forms and not others to enter, either in greater or lesser

numbers
;
according or not, as those which entered happened
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tS come in more or less direct competition with each other

and with the aborigines; and according as the immigrants
were capable of varying more 01?- less rapidly, there would
ensue in different regions, independently of their physical

conditions, infinitely diversified conditions fof life,—there

would be an almost endless amount of organic action and
reaction,—and we should find, as we do find, some groups of

beings greatly, and som^ only slightly modified,—so^me de-

veloped in great force, some existing in scanty numbers—in

the different great geographical provinces of the world.

On these same principles, we can understand, as I have
endeavoured to show, why oceanic islands should have few
inhabitants, but of these a great number should be endemic or

peculiar
;
and why, in relation to the means of migration, one

group of beings, even writhin the same class, should have all

its species endemic, and another group should have all its

species common to other quarters of the world. We can see

why whole groups of organisms, as batrachians and terrestrial

mammals, should be absent from oceanic islands, whilst the

most isolated islands possess their own peculiar species of

aerial mammals or bats. We can see why there should be
some relation between the presence of mammals, in -a more
or less modified condition, and the depth of the sea between
an island and the mainland. We can clearly see why all the

inhabitants of an archipelago, though specifically distinct on
the several islets, should be closely related to each other, and
IP^ewise be related, but less closely, to those of the nearest

continent or other source whence immigrants were probably
derived. We can see why in two areas, however distant from
each othefi*, there should be a correlation, in the presence
of identical species, of varieties, of doubt^ilp-apecies', and
of distinct but representative specif.

As the late Edward Forbes often insisted, there is a striking

parallelism in the laws of life throughout time and space : the

laws governing the succession of forms in past times being
nearl/the same with those governing at the present time the

differences in different areas. We see this in many facts.

The endurance of each species and group of species is

continuous in lime
;
for the exceptions to the rule are so few,

that they may fairly be attributed to our riot having as yet

discovered in an intermediate deposit the forms which are

therein absent, but which occur above and below : so in space,

it certainly is the general rule that the area inhabited by a
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single species, or by a group of species, is continuous; anrf

the except*!ons, which are not rare, may, as I have attempted
to show, be accounted for by migration at some former period

under different conditions oiV^y occasional means of transport,

and by the species having become extinct in the intermediate

tracts. Both in time and space, species and groups of species

have their points of maximum development. Groups of

species, belonging either to a certain period of time, or to a
certain area, are often characterised by trifling characters in

common, as of sculpture or colour. , In looking to the long
succession of ages, as in now looking to distant provinces

throughout the world, we find that some organisms differ

little, whilst others belonging to a different class, or to a

different order, or even only to a different family of the

same order, differ greatly. In both time and space the

lower members of each class generally change less than

the higher
; but there are in both cases marked exceptions

to the rule. On my theory these several relations through-

out time and space are intelligible
;

for whether we look

to the forms of life which have changed during successive

ages within the same quarter of the world, or to those

which have changed after having migrated into distant

quaiters, in both cases the forms within each class have
been connected by the same bond of ordingiry generation

;

and the more nearly any two forms are related in blood, the

nearer they will generally stand to each other in time and
space; in both cases the laws of variation have been tht?'

same, and modifici^jions have been accumulated by the same
power of natural selection.



CHAPTER XIII.

C

Mutual Affinities of Organic Beings : Morphology :

Embryology : Rudimentary Organs.

Classification, groups subordinate to groups—Natural system

—

Rules and difficulties in classification, explained on the theory of

descent witli modifiralion—Classification of varieties—Descent
alwa>s used in classification—^Analogical or adaj>tive characters

—

Affinities, general, complex and radiating— Extinction separates and
defines groups —Morphology, betw/ien members of the same class,

between parts of the same individual

—

Embryology, laws of,

explained by variations not supervening at an early age, and being
inherited at a corresponding age

—

Rudimentary organs ; their

origin explained—Summary,

From the first dawn of life, all organic beings are found to

resemble each pther in descending degrees, so that they can
be classed in groups under groups. This classification is

evidently not arbitrary like the grouping of,^ the stars in

Constellations. The existence of groups would have been of

simple signification, if one group had bepn exclusively fitted

to inhabit the land, and another the water; one to feed on
flesh, andiher on vegetable matter, and so on

;
but the pase is

widely different in nature ; for it js notoriou?!^d^ commonly
members of even the same sub-group have different habits.

In our second and fourth chapters, on Variation and on
Natural Selection, I have attempted to show that it is the

widejy ranging, the much diffused and common, that is the

dominant species belonging to the larger genera, which vary

most. The varieties, or incipient species, thus * produced
ultimately become converted, as I believe, into new and
distinct species; and these, on the principje of inheritance,

tend to produce other new and dominant species. Con-
.sequently the groups which are now large, and which generally

include many dominant species, tend to go on increasing

indefinitely in size. I further attemfited to show that from

318
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the varying descendants of each species trying to occupy a»

many and as different places as possible in the economy of

nature, there is a constant tendency in their characters to

diverge. This conclusion vas supported by looking at the

great diversity 9f the forms*of life which, in any small area,

come into the closest competition, and by looking to certain

facts in naturalisatio^i.

I attempted also to show that thert is a constant tendency
in the forms which are increasing in number and diverging in

character, to supplant and exterminate the less divergent, the

less improved, and preceding forms. • I request the reader to

turn to the diagram illustrating the action, as formerly

explained, of these several principles
;
and he will see that

the inevitable result is that the modified descendants pro-

ceeding from one progenitor become broken up into groups
subordinate to groups. In the diagram each letter on the

uppermost line may represent a genus including several

species
;
and all the genera on this line form together one

class, for all have descended from one ancient but unseen
parent, and, consequently, have inherited something in

common. But the three genera on the left hand have, on
this sam,e principle, much in common, and form a sub-family,

distinct from that including the next two genera on the right

hand, which diverged from a common parent at the fifth

stage of descent. These five genera have alsb much, though
less, in common ; and they form a family distinct from that

including the* three genera still further to the right hand.^
which diverged at a still earlier period. And all these

genera, descended^from (A), form an order distinct from

the genera descended from (I). So that we here have

many'»spcci8s descended from a single progenitor grouped
into 'genera

;
and the gene?a are included in, or subordinate

to, sub-families, families, and orders, all united into one class.

'Fhus, the grand fact in natural history of the subordination

of group under group, which, from its familiarity, does not

always sufficiently strike us, is in my judgment fully explained.

Naturalists try to arrange the species, genera, and families

in each class, on what is called the Natural System. But
what is meant by this system? Some authors look at it

merely as a sdierne for arranging together those living

objects which are most alike, and for separating those which
are most unlike ; or as an artificial means for enunciating, as

briefly as possible, general propositions,—that is, by one



320 ON THE ORIGIN OF SPECIES.

f sentence to give the characters common, for instance, tc

mammals, by another those common to all carnivora,

another those common to the dog-genus, and then by ad
a single sentence, a full description is given of each kint

dog. The ingenuity and utility of this system are indis

able. But many naturalists think that something mor^‘

meant by the Natural System ; they believe that it rev

the plan of the Create*
; but unless it be specified whe

order in time or space, or what else is meant by the plar

the Creator, it seems to me that nothing is thus added to

knowledge. Such expressions as that famous one of Linna
and which we often meet with in a more or less conce?

form, that the characters do not make the genus, but that

genus gives the characters, seem to imply that someth
more is included in our classification, than mere rescmblai

I believe that something more is included ; and that
]

pinquity of descent,—the only known cause of the simils

of organic beings,—is the bond, hidden as it is by van
degrees of modification, which is partially revealed to us

our classifications.

Let us now consider the rules followed in classification, i

the difficulties which are encountered on the v^cw t

classification either gives some unknown plan of creation

is simply a scheme for enunciating general propositions ;

of placing together the forms most like each other. It mi
have been thought (and was in ancient times thought) t

those parts of the structure which determineu the habits

life, and the general place of each being in the economy
nature, would be of very high importance in classificati

Nothing- can be more false. No one regards the extei

similarity of a mouse to a shrew, of a dugongj^to^*. wh'ate, d

whale to a fish, as of any imporcance. 'J'hcse resemblanj

though so intimately connected with the whole life of|

being, are ranked as merely “ adaptive or analog

characters
;
” but to the consideration of these resemblam

we tiiall have to recur. It may even be given as a gene-

rule, that the less any part of the organisation is. concerr

with special habits, the more important it becomes
classification. As an instance : Owen, in speaking of

'

dugong, says, The generative organs bcihfe those which
most remotely related to the habits and food of an anims

have always regarded as affording very clear indications

its true affinities. 'We are least likely in the modificationi
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f

i organs to mistake a merely adaptive for an essential

acter.” So with plants, how remarkable it is that the

^ ' ns of vegetation, on which their whole life depends, are

ittle signification, ex'Aepting in the first main divisions

;

^ ‘ !reas the organs of reproduction, with their product the

d, are of paraipount importance!
Ve must not, therefore, in classtfying, trust to resemblances

‘ jarts of the organisation, however important they may be
the welfare of the being in relation to the outer world,

rhaps from this cause it has partly arisen, that almost all

:uralists lay the greatest stress on resemblances in organs of

jh vital or physiological importance. No doubt this view

the classificatory importance of organs which are important

generally, but by no means always, true. But their

iportance for classification, I believe, depends on their

eater constancy throughout large groups of species ; and
is constancy depends on such organs having generally been
ibjected to less changb in the adaptation of the species to

leir conditions of life. That the mere physiological importance
f an organ does not determine its classificatory value, is

Imost shown by the one fact, that in allied groups, in which
,ie same organ, as we have every reason to suppose, has

,early the same physiological value, its classificatory value

$ widely different. No naturalists can have worked at any
,roup without being struck with this fact; and it has been
Host fully • acknowledged in the writings of almost e^ej^v

luthor. It will suffice to quote the highest authority, Robert
irowff, who in speaking of certain organs in the Proteaceie,

lays their generic importance, “ like that of all their parts, not

)nly' in tjjiis but, as I apprehend, in every natural family, is

rery unequalV*and in some cases seems to be entirely lost.”

f\.gain in another work he says, the genera of the Connaracese
differ in having one or more ovaria, in the existence or

absence of albumen, in the imbricate or valvular aestivation.

^,ny one of these characters singly is frequently of m%re than
generic importance, though here even when all taken together

.hey appear insufficient to separate Cnestis from Connarus.”
To give an example amongst insects, in one great division of

.he Hymenoptera, the antennae, as Westwood has remarked,
ire most constant in structure ; in another division they
"differ much, and the differences are of quite subordinate
Value in classification

;
yet no one probably will say that the

antennae in these two divisions of the same order are of

21
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unequal physiological importance. Any number of instances

could be given of the varying importance for classification of

the same important organ within the same group of beings.

Again, no one will say that /udimentary or atrophied

organs are of high physiological or vital importance; y^t,

undoubtedly, organs in this condition are often of high value

in classification. No one^will dispute that the rudimentary
teeth in the upper jaws of young ruminants, and fcertain

rudimentary bones of the leg, are highly serviceable in

exhibiting the close aftmity between Ruminants and
Pachyderms. Robert Brown has strongly insisted on the

fact that the rudimentary florets are of the highest importance
in the classification of the Grasses.

Numerous instances could be given of characters derived

from parts which must be considered of very trifling physio-

logical importance, but which are universally admitted as

highly serviceable in the definition of whole groups. For
instance, whether or not there is an* open passage from the

nostrils to the mouth, the only character, according to Owen,
which absolutely distinguishes fishes and reptiles—the

inflection of the angle of the jaws in Marsupials—the manner
in which the vrings of insects are folded—mere colour in

certain Algse—mere pubescence on parts of the flower in

grasses—the natCire of the dermal covering, as hair or

feathers, in the Vertebrata. If the Ornithorhynchus had
covered with feathers instead of hair, this external and

trifling character would, I think, have been considered by
naturalists as important an aid in determinkig the degree of

affinity of this strange creature to birds and reptiles, as an
approach in structure in any one internal and impdrAant

organ. ^

^
The importance, for classification, of trifling characters,

mainly depends on their being correlated with several other

characters of more or less importance. The value indeed of

an aggregate of characters is very evident in natural history.

Hence, as has often been remarked, a species depart

from its allies in several characters, both of high physiological

importance and of almost universal prevalence, and yet leave

us in no doubt where it should be ranked. Hence, also, it

has been found, that a classification founded on any single

character, however important that may be, has always failed

;

for no part of the organisation is universally constant. The
importance of an aggregate of characters, even when none
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are important, alone explains, I think, that saying of Linnaeus,

that the characters do not give the genus, but the genus gives

the characters ;
for this saying seems founded on an apprecia-

tion of many trifling poi|its of resemblance, too slight to be
defined. Obtain plants, belonging to the l^alpighiacese, bear
perfect and degraded flowers ; in the latter, as A. de Jussieu

has remarked, “ foe greater numter of the characters proper

to the species, to the genus, to the family, to the class,

disappear, and thus laugh at our classification.” But when
Aspicarpa produced in France,• during several years, only

degraded flowers, departing so wonderfully in a number of

the most important points of structure from the proper type

of the order, yet M. Richard sagaciously saw, as Jussieu
' observes, that this genus should still be retained amongst the

Malpighiaceae. This case seems to me well to illustrate the

spirit with which our classifications are sometimes necessarily

founded.
Practically when naturalists are at work, they do not

trouble themselves about the physiological value of the

characters which they use in defining a group, or in allocating

any particular species. If they find a character nearly

uniform, and common to a great number of forms, and not
common to others, they use it as one of high value; if

common to some lesser number, they use it as of subordinate •

value. This principle has been broadly confessed by some
naturalist io be the true one

;
and by none more clearlj^than

by that excellent botanist, Aug. St. Hilaire. If certain

characters are ajways found correlated with others, though no
apparent bond of connexion can be discovered between them,
esjjecial value is set on them. As in most groups of

animals,*imp6rtant orgtpis, such as those for propelling the

blood, or for aerating it, or those for propagating the race,

are found nearly uniform, they are considered as highly

serviceable in classification; but in some groups of animals

all these, the most important vital organs, are found to offer

characters of quite subordinate value.

We Can see why characters derived from the embryo shoud
be of equal importance with those derived from the adult, for

our classifications of course include all ages of each species.

But it is by no means obvious, on the ordinary view, why the

structure of the embryo should be more important for this

purpose than that of the adult, which alone plays its full part

in the economy of nature. Yet it has been strongly urged
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by those great naturalists, Milne Edwards and Agassiz, that

embryonic characters are the most important of any in the

classification of animals
;
and this doctrine has very generally

been admitted as true. The sany fact holds good with

flowering plants, pf which the two main divisio:fs have been
founded on characters derived from the embryo,—on the

number and position of embryonic leases or cotyledons,

and on the mode of development of the plumule and radicle.

In our discussion on embryology, we shall see why such
characters are so valuable, cki the view of classification tacitly

including the idea of descent.

Our classifications are often plainly influenced by chains of

affinities. Nothing can be easier than to define a number of

characters common to all birds
; but in the case of crustaceans,

such definition has hitherto been found impossible. There
are crustaceans at the opposite ends of the series, which
have hardly a character in common

;
yet the species at both

ends, from being plainly allied to others, and these to others,

and so onwards, can be recognised as unequivocally belonging

to this, and to no other class of the Articulata.

Geographical distribution has often been used, though
perhaps not quite logically, in classification, more especially

in very large groups of closely allied forms. Temminck
insists on the utiiity or even necessity of this practice in

certain groups of birds
;
and it has been followed by several

entomologists and botanists.

^'inally, with respect to the comparative value of the various

groups of species, such as orders, sub*ordeiis, families, sub-

families, anjl genera, they seem \p be, at least at present,

almost arbitrary. Several of the best botanists, such as jylr.

Bentham and others, have strongly insisted on ?heir arbitrary

value. Instances could be given amongst plants and insects,

of a group of forms, first ranked by practised naturalists as

only a genus, and then raised to the rank of a sub-family or

family
;
^,nd this has been done, not because further research

has detected important structural differences, at 'first over-

looked, but because numerous allied species, with tjlightly

different grades of difference, have been subsequently

discovered. v
All the foregoing rules and aids and difficulties in classifica-

tion are exj^lained, if I do not greatly deceive myself, on the

view that the natural system is founded on descent with

modification
;

that the characters which naturalists consider
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as showing true affinity between any two or more species^

are those which have been inherited from a common parent^

and, in so far, all true classification is genealogical
;

that

community of descent iSj^the hidden bond which naturalists

have been ^^consciously seeking, and not some unknown
plan of creation, or the enunciation of general propositions,

and the mere putting together ar^ separating objects more
or less alike.

But I must explain my meaning more fully. I believe that

the arrangement of the groups •within each class, in due
subordination and relation to the other groups, must be
strictly genealogical in order to be natural

;
but that the

amount of difference in the several branches or groups, though

•^allied in the same degree in blood to their common progenitor,

may differ greatly, being due to the different degrees ot

modification which they have undergone
; and this is expressed

by the forms being ranked under different genera, families,

sections, or orders, lihe reader will best understand what
is meant, if he will take the trouble of referring to the diagram
in the fourth chapter. We will suppose the letters A to L
to represent allied genera, which lived during the Silurian

epoch, and these have descended from a species which existed

at an unknown anterior period. Species of three of these

genera (A, F, and I) have transmitted medified descendants**

to the present day, represented by the fifteen genera ta

on the^ppermost horizontal line. Now all these modified

descendants from a single species, are represented as related

in blood or descent to the same degree; they may meta-

phorically be called cousins to the same millicjnth degree

;

yet they differ widely and in different degrees from each other.

TJie fori1!s dv^cended from A, now broken up into two or

three families, constitute a distinct order from those descended
from I, also broken up into two families. Nor can the existing

species, descended from A, be ranked in the same genus with

the parent A
;
or those from I, with the parent I. ^ But the

existing genus F^^ may be supposedto have been but slightly

modified ; and it will then rank wth the parent-genus F

;

just as some few still living organic beings belong to Silurian

genera. So ^hat the amount or value of the differences

between organic beings all related to each other in the same
degree in blood, has come to be widely different. Nevertheless

their genealogical arrangement remains strictly true, not only

at the present time, but at each successive period of descent
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All'* the modified descendants from A will have inherited

something in common from their common parent, as will

all the descendants from I
;
so will it be with each subordinate

branch of descendants, at each successive period. If, however,
we choose to suppose that any of the desccncjlints of A or

of I have been so much modified as to have more or less

completely lost traces of ^heir parentage, 'in this case, their

j:)Iaces in a natural classification will have been more or less

completely lost,—as sometimes seems to have occurred with

existing organisms. All tke descendants of the genus F,

along its whole line of descent, are supposed to have been
but little modified, and they yet form a single genus. But
this genus, though much isolated, will still occupy its proper

intermediate position
; for F originally was intermediate in

character between A and I, and the several genera descended
from these twx) genera will have inherited to a certain extent

their characters. This natural arrangements is shown, as

far as is possible on paper, in the diftgram, but in much too

simple a manner. If a branching diagram had not been used,

and only the names of the groups had been written in a

linear series, it would have been still less possible to have
given a natural arrangement

;
and it is notoriously nov possible

to represent in a series, on a flat surface, the affinities which
we discover in nature amongst the beings of the same group.

Thus, on the view which I hold, the natural system is

genealogical in its arrangement, like a pedigree ; but the

degrees of modification which the different groups have

undergone, have to be expressed by ranking them- under
different s(^-called genera, sub-fomilies, families, sections,

orders, and classes.

It may be worth while to illustrate^this view (?f classification,

by taking the case of languages. If we possessed a perfect

pedigree of mankind, a genealogical arrangement of the races

of man would afford the best classification of the various

languages now sp^oken throughout the world
; and if all extinct

languages, and all intermediate and slowly changing dialects,

had to be included, such an arrangement would, I think,

be the only possible one. Yet it might be that’ some very

ancient language had altered little, and ha<4 given rise to

few new languages, whilst others (owing to the spreading and
subsequent isolation and states of civilisation of the several

races, descended from a common race) had altered much,
and had given rise to many new languages and dialects. The
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various degrees of difference in the languages from the same
stock, would have to be expressed by groups subordinate

to groups
;
but the proper or even only possible arrangement

would still be genealogical and this would be strictly natural,

as it would cAmect together all languages, extinct and modern,
by the closest affinities, and would give the filiation and
origin of each tongue. •

In confirmation of this view, let us glance at the classification

of varieties, which are believed or known to have descended
from one species. These are grouped under species, with

sub-varieties under varieties; and with our domestic produc-

tions, several other grades of difference are requisite, as we
have seen with pigeons. The origin of the existence of groups

"^^subordinate to groups, is the same with vairieties as with

species, namely, closeness of descent with various degrees

of modification. Nearly the same rules are followed in

classifying varieties, as wdth species. Authors have insisted

on the necessity of classing varieties on a natural instead

of an artificial system ; we are cautioned, for instance, not

to class two varieties of the pine-apple together, merely because

their fruit, though the most important part, happens to be
nearly idEntical

;
no one puts the Swedish and common turnips

together, though the esculent and thickened stems are so

similar. Whatever part is found to be «iost constant, is '

used in classing varieties : thus the great agriculturist Marshall

says the horns are very useful for this purpose with ggttle,

because they are less variable than the shape or colour of

the body, &c. ;
whereas with sheep the horns are much less

serviceable, because less ^constant. In classi^pg varieties,

I appreh^d if we had a real pedigree, a genealogical classifica-

tion would be tiniversally,preferred
;
and it has been attempted

by some authors. For we might feel sure, whether there had
been more or less modification, the principle of inheritance

would keep the forms together which were allied in the

greatest number of points. In tumbler pigeons, thomgh some
sub-varieties differ from the others in the important character

of havifig a longer beak, yet all are kept together from having

the common habit of tumbling; but the short-faced breed
has nearly oi> quite lost this habit

; nevertheless, without

any reasoning or thinking on the subject, these tumblers are

kept in the same group, because allied in blood and alike

in some other respects. If it could be proved that the

Hottentot had descended from the Negro, I think he would
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be classed under the Negro group, however much he might
differ in colour and other important characters from negroes.

With species in a state of nature, every naturalist has in

fact brought descent into his clasyfication
;
for he includes

in his lowest grade, or that of a species, the tv^ sexes; and
how enormously these sometimes differ in the most important
characters, is known to ar/ery naturalist scarcely a single

fact can be predicated in common of the males and herma-
phrodites of certain cirripedes, when adult, and yet no one
dreams of separating thenf: The naturalist includes as one
species the several larval stages of the same individual, ho^v-

ever much they may differ from each other and from the

adult
;
as he likewise includes the so-called alternate genera-

tions of Steenstrup, which can only in a technical sense be
considered as the same individual. He includes monsters

;

he includes varieties, not solely because they closely resemble
the parent-form, but because they are descended from it.

He who believes that the cowslip •is descended from the

primrose, or conversely, ranks them together as a single

species, and gives a single definition. As soon as three

Orchidean forms (Monochanthus, Myanthus, and Catasetum),

which had previously been ranked as three distindi genera,

were known to be sometimes produced on the same spike,

they were immediately included as a single species. But it

may be asked, what ought we to do, if it could be proved

lljat^ one species of kangaroo had been produced, by a long

course of modification, from a bear? Ought we to rank

this one species with bears, and what should, we do with the

other species ? The supposition ,is of course prepostgrous

;

and I might answ^er by the ar^mentum ad hominem^ and, ask

what should be done if a perfect kapgaroo weir seen to come
out of the womb of a bear ? According to all analogy, it would
be ranked with bears

; but then assuredly all the other species

of the kangaroo family would have to be classed under the

bear genus. The whole case is preposterous
;
for where there

has been close descent in common, there will certainly be
close resemblance or affinity.

As descent has universally been used in classing together

the individuals of the same species, though sthe males and
females and larvae are sometimes extremely different; and
as it has been used in classing varieties which have under-

gone a certain, and sometimes a considerable amount of

modification, may not this same element of descent have
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been unconsciously used in grouping species under genera,

and genfera under higher groups, though in these cases the

modification has been greater in degree, and has taken a

longer time to complete?^ I believe it has thus been un-

consciously usd^
;
and only thus can I understand the several

rules and guides which have been followed by our best

systematists. We Save no writteni pedigrees
;

we have to

make out community of descent by resemblances of any kind.

Therefore we choose those characters which, as far as we can
judge, are the least likely to have •been modified in relation

to the conditions of life to which each species has been
recently exposed. Rudimentary structures on this view are

as good as, or even sometimes better than, other parts of

Ihe organisation. We care not how trifling a character may
be—let it be the mere inflection of the angle of the jaw,

the manner in which an insect’s wing is folded, whether the

skin be covered by hair or feathers—if it prevail throughout

many and different species, especially those having very

different habits of life, it assumes high value; for we can
account for its presence in so many forms with such different

habits, 01^ by its inheritance from a common parent. We
may err iir this respect in regard to single points of structure,

but when several characters, let them be ever so trifling,

occur together throughout a large group Of beings having
different habits, we may feel almost sure, on the theory of

descent, tha* these characters have been inherited from a
common ancestor. And we know that such correlated or

aggregated characlers have especial value in classification.

We can understand why ^ species or a group %of species

may depajc, in several of its most important characteristics,

from allies, 'Und yet be safely classed with them. This
may be safely done, and is often done, as long as a sufficient

number of characters, let them be ever so unimportant,

betrays the hidden bond of community of descent Let
two forms have not a single character in common,»yet if

these extreme forms are connected together by a chain of

intermediate groups, we may at once infer their community
of^descent, and we put them all into the same class. As
we find organs o# high physiological importance—those which
serve to preserve life under the most diverse conditions of

existence—are generally the most constant, we attach especial

value to them; but if these same organs, in another group
or section of a group, are found to differ much, we at once
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value them less in our classification. We shall hereafter, I

think, clearly see why embryological characters are' of such
high classificatory importance. Geographical distribution

may sometimes be brought usefully into play in classing large

and widely-distributed genera, because all th/ species of the

same genus, inhabiting any distinct and isolated region, have
in all probability descen«ied from the same parents.

We can understand, on these views, the very irhportant

distinction betw’een real affinities and analogical or adaptive

resemblances. Lamarck •* first called attention to this dis-

tinction, and he has been ably followed by Macleay and
others. The resemblance, in the shape of the body and in

the fin-like anterior limbs, between the dugong, which is a

pachydermatous animal, and the whale, and between bo'th

these mammals and fishes, is analogical. Amongst insects

there are innumerable instances : thus Linnaeus, misled by
external appearances, actually classed an homopterous insect

as a moth. We see something of the same kind even in

our domestic varieties, as in the thickened stems of the common
and sw^edish turnip. The resemblance of the greyhound and
racehorse is hardly more fanciful than the analogies which
have been drawn by some authors between veVy * distinct

animals. On my view of characters being of real importance

for classification, only in so far as they reveal descent, we
can clearly understand why analogical or adaptive character,

^llji.ough of the utmost importance to the welfare of the

being, are almost valueless to the systematist. For animals,

belonging to two most distinct lines of descent, may readily

become adapted to similar conditions, and thus assume a

close external resemblance ; but such resemblances \^1 not

reveal—will rather tend to conceal their vBood-relationship

to their proper lines of descent. We can also understand

the apparent paradox, that the very same characters are

analogical when one class or order is compared with another,

but gire true affinities when the members of the same class

or order are compared one witn another : thus the shape

of the body and fin-like limbs are only analogical when
whales are compared with fishes, being adaptations in both

classes for swimming through the water; Iwut the shape of

the body and fin-like limbs serve as characters exhibiting

true affinity between the several members of the whale

family ; for these cetaceans agree in so many characters,

great and small, that we cannot doubt that they have inherited
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their general shape of t)ody and structure of limbs from^ a
common ancestor. So it is with fishes.

As members of distinct classes have often been adapted
by successive slight modifications to live under nearly similar

circumstances,--^to inhabit for instance the three elements
of land, air, and water,—we can perhaps understand how
it is that a numerical parallelism has^ometimes been observed
between the sub-groups in distinct classes. A naturalist,

struck by a parallelism of this nature in any one class, by
arbitrarily raising or sinking the •value of the groups in

other classes (and all our .experience shows that this valuation

has hitherto been arbitrary), could easily extend the parallelism

over a wfide range ; and thus the septenary, quinary,

quaternary, and ternary classifications have probably arisen.

As the modified descendants of dominant species, belonging
to the larger genera, tend to inherit the advantages, which
made the groups to which they belong large and their parents

dominant, they are almost sure to spread widely, and to

seize on more and more places in the economy of nature. The
larger and more dominant groups thus tend to go on increasing

in size ; and they consequently supplant many smaller and
feebler ^fCtips. Thus we can account for the fact that all

organisms, recent and extinct, are included under a few
great orders, under still fewer classes, and nil in one great

natural system. As showing how few the higher groups
are in numli^r, and how widely spread they are througliput

the world, the fact is striking, that the discovery of Australia

has not added a single insect belonging to a new order ; and
that in the vegetable kingdcra, as 1 learn from Dj. Hooker,
it has^' added only two or three orders of small size.

In the *chaptfr on geojogical succession I attempted to

show, on the principle of each group having generally

diverged much in character during the long-continued process

of modification, how it is that the more ancient forms of life

often present characters in some slight degree inter^iftediate

between existing groups. '* A few old and intermediate

parent-forms having occasionally transmitted to the present

day descendants but little modified, will give to us our
sd^alled oscularvt or aberrant groups. The more aberrant

any form is, the greater must be the number of con-

necting forms which on my theory have been exterminated

and utterly lost. And we have some evidence of aberrant

forms having suffered severely from extinction, for they are
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generally represented by extremely few species; and such
species as do occur are generally very distinct from each
other, which again implies extinction. The genera Ornitho-

rhynchus and Lepidosiren, for^ example, would not have
been less aberrant had each been represei/ed by a dozen
species instead of by a single one

;
but such richness in

species, as I find after soijjie investigation,* does not commonly
fall to the lot of aberrant genera. We can, I think| account
for this fact only by looking at aberrant forms as failing

groups conquered by mtre successful competitors, with a

few members preserved by some unusual coincidence of

favourable circumstances.

Mr. Waterhouse has remarked that, when a member be-

longing to one group of animals exhibits an affinity to a qif!ie

distinct group, this affinity in most cases is general and not

special : thus, according to Mr. Waterhouse, of all Rodents,

the bizcacha is most nearly related to Marsupials
; but in the

points in which it approaches this order, its relations are

general, and not to any one marsupial species more than to

another. As the points of affinity of the bizcacha to Marsupials

are believed to be real and not merely adaptive, they are due
on my theory to inheritance in common. TherefhreVe must
suppose either that all Rodents, including the bizcacha,

branched off from some very ancient Marsupial, which will

have had a character in some degree intermediate with respect

to ^11 existing Marsupials
;
or that both Rodents a*Md Marsupials

"Branched off from a common progenitor, and that both groups

have since undergone much modification in divergent direc-

tions. Op either view we may^suppose that the l)izcacha has

retained, by inheritance, more of the character of its i^ncient

progenitor than have other Rodents; and'^ther^ore it. will

not be specially related to any one existing Marsupial, but

indirectly to all or nearly all Marsupials, from having partially

retained the character of their common progenitor, or of an
early member of the group. On the other hand, of all

Marsupials, as Mr. Waterhouse has remarked, the phascolomys
resembles most nearly, not any one species, but the general

order of Rodents. In this case, however, it may be strongly

suspected that tiie resemblance is only ansjogical, owirtg to

the phascolomys having become adapted to habits like those

of a Rodent. The elder De Candolle has made nearly

similar observations on the general nature of the affinities of

distinct orders of plants.
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On the principle of the multiplication and gradual divergenc^e

in character of the species descended from a common parent,

together with their retention by inheritance of some characters

in common, we can understand the excessively complex and
radiating affiniti^ by whicn all the members of the same
family or higher group are connected together. For the

common parent of a Vhole family of.species, now broken up
by extinction into distinct groups and sub-groups, will have
transmitted some of its characters, modified in various ways
and degrees, to all

;
and the several ^species will consequently

be related to each other by circuitous lines of affinity of

various lengths (as may be seen in the diagram so often

referred to), mounting up through many predecessors. As
if iS difficult to show the lilood-relationship between the

numerous kindred of any ancient and noble family, even by
the aid of a genealogical tree, and almost impossible to do
this without this aid, we can understand the extraordinary

difficulty which naturalist* have experienced in describing,

without the aid of a diagram, the various affinities wliich they

perceive between the many living and extinct members of the

same great natural class.

Extinclidi^ as we have seen in the fourth chapter, has

played an important part in defining and widening the intervals

between the several groups in each class. •\Ve may thus

account even for the distinctness of whole classes from each
other—for instance, of birds from all other vertebrate animals

—by the belief that many ancient forms of life have been
utterly lost, throughf which the early progenitors of birds were
formerly connected with the early progenitors of tfie other

vertebrate classes. There has been less entire extinction of

the forms of life w^liich once^connected fishes with batrachians.

There has been still less in some other classes, as in that of

the Crustacea, for here the most wonderfully diverse forms

are still tied together by a long, but broken, chain of affinities.

Extinction has only separated groups : it has by no gieans

made them
;
for if every form which has ever lived on this

earth were suddenly to reappear, though it would be quite

imgossible to give definitions by which each group could be
distuYguished fron> other groups, as all would blend together

by steps as fine as those between the finest existing varieties,

nevertheless a natural classification, or at least a natural

arrangen^ent, would be possible. We shall see this by turning

to the diagram: the letters, A to L, may represent eleven
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Silurian genera, some of which have produced large groups

of modified descendants. Every intermediate link between
these eleven genera and their primordial parent, and -every

intermediate link in each braych and sub-branch of their

descendants, may be supposed to be still alijjffc.; and the links

to be as fine as those betyreen the finest varieties. In this

case it would be quit^ impossible to {;ive any definition by
which the several members of the several groups cduld be
distinguished from their more immediate parents; or these

parents from their anciertt and unknown progenitor. Yet the

natural arrangement in the diagram would still hold good

;

and, on the principle of inheritance, all the forms descended
from A, or from I, would have something in common. In a

tree we can specify this or that branch, though at the aeEtial

fork the two unite and blend together. We could not as I

have said, define the several groups; but we could pick out

types, or forms, representing most of the characters of each

group, whether large or small, and thus give a general idea of

the value of the difjcrences between them. This is what we
should be driven to, if we were ever to succeed in collecting

all the forms in any class which have lived throughout all

time and space. We shall certainly never succeed Tn making
so perfect a collection : nevertheless, in certain classes, we are

tending in this direction ; and Milne Edwards has lately in-

sisted, in an able paper, on the high importance of looking to

t^DCS, whether or not we can separate and defrne the groups

to which such types belong.

Finally, we have seen that natural selection, which results

from th(^ struggle for existenc^, and which almost inevitably

induces extinction and divergence of character in th^ many
descendants from one dominant^parent-sp0fcies, Explains that

great and universal feature in the affinities of all organic beings,

namely, their subordination in group under group. We use

the element of descent in classing the individuals of both
sexe^.and of all ages, although having few characters in

common, under one species
;
we use descent in classing

acknowledged varieties, however different they mliy be from
their parent ; and I believe this element of descent is the

hidden bond of connexion which naturajists have sought

under the term of the Natural System. On this idea of the

natural system being, in so far as it has been perfected,

genealogical in its arrangement, with the grades of.difference

between the descendants from a common parent, expressed by
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the terms genera, families, orders, &c., we can understand the

rules which we are compelled to follow in our classification.

We can understand why we value certain resemblances far

more than others
;
why we are permitted to use rudimentary

and useless orgjftjs, or others of trifling physiological import-

ance ;
why, in comparing one group with a distinct group, we

summarily reject analogical or adaptive characters, and yet

use these same characters within the limits of the same group.

We can clearly see how it is that all living and extinct forms

can be grouped together in one grelt system
;
and how the

several members of each cla-ss are connected together by the

most complex and radiating lines of affinities. We shall never,

probably, disentangle the inextricable web of affinities between
the ‘members of any one class

;
but when we have a distinct

object in view, and do not look to some unknown plan of

creation, we may hope to make sure but slow progress.

Morphology ,—We have ^en that the members of the same
class, independently of their habits of life, resemble each

other in the general plan of their organisation. This resem-

blance is often expressed by the term “ unity of type
;
” or by

saying Aaf^ the several parts and organs in the different

species of the class are homologous. The whole subject is

included under the general name of Morphology. This is

the most interesting department of natural history, and may
be said to be ks very soul. What can be more curious th^n
that the hand of a man, formed for grasping, that of a mole for

digging, the leg ofhe horse, the paddle of the porpoise, and
the wing of the bat, should ;»11 be constructed on -^he same
patterr?; an^ should include the same bones, in the same
relative positions? Geoffre;y St. Hilaire has insisted strongly

on the high importance of relative connexion in homologous
organs : the parts may change to almost any extent in form
and size, and yet they alw^ays remain connected together in

the same order. We never find, for instance, the bc»es of

the arm and forearm, or of the thigh and leg, transposed.

Hence the same names can be given to the homologous
bones in widely different animals. We see the same great

law ih the constriction of the mouths of insects : what can
be more different than the immensely long spiral proboscis

of a sphinx-moth, the curious folded one of a bee or bug, and
the great;Jaws of a beetle?—^yet all these organs, serving for

such different purposes, are formed by infinitely numerous
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modifications of an upper lip, mandibles, and two pairs

maxillae. Analogous laws govern the construction of
mouths and limbs of crustaceans. So it is with the flov

of plants.

Nothing can be more hopeless than to a^cempt to exp
this similarity of pattern in members of the same class,

utility or by the doctriip.e of final causes. The hopelessi

of the attempt has been expressly admitted by Oweil in

most interesting work on the ‘Nature of Limbs.’.* On
ordinary view of the independent creation of each being,

can only say that so it is ;—that it has so pleased the Cre
to construct each animal and plant.

The explanation is manifest on the theory of the natural s<

tion of successive slight modifications,—each modification b
profitable in some way to the modified form, but often af

ing by correlation of growth other parts of the organisal

In changes of this nature, there will be little or no tende

to modify the original pattern, or to transpose parts,

bones of a limb might be shortened and widened to an
tent, and become gradually enveloped in thick membran
as to serve as a fin

;
or a webbed foot might have all its be

or certain bones, lengthened to any extent, and tWt? memb
connecting them increased to any extent, so as to serv

a wing : yet iu all this great amount of modification tl

will be no tendency to alter the framework of bones or

relative connexion of the several parts. If we suppose
the ancient progenitor, the archetype as it may be callec

all mammals, had its limbs constructed on the exis

general pattern, for whatever purpose they served, we ca

once perceive the plain signification of the homologous
struction of the limbs throughout the whtyle class. So.

the mouths of insects, we have only to suppose that i

common progenitor had an upper lip, mandibles, and two
of maxillae, these parts being perhaps very simple in fc

and t*^.en natural selection will account for the infinite dive

in structure and function of the mouths of insects. Nt
theless, it is conceivable that the general pattern of an o
might become so much obscured as to be finally lost, b)

atrophy and ultimately by the complete abortion of c€ '

parts, by the soldering together of other parts, and by
doubling or multiplication of others,—variations which

know to be within the limits of possibility. In the paddl
the extinct gigantic sea-lizards, and in the mouths of ce
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ctorial crustaceans, the general pattern seems to have he€n
\is to a certain extent obscured.

There is another and equally curious branch of the present

bject; namely, the comparison not of the same part in

ferent members of a class, but of the different parts or

jans in the same individual. Most physiologists believe

it the bones of s.he skull are homologous with—that is

•respond in number and in relative connexion with—the

mental parts of a certain number of vertebrae. The anterior

i posterior limbs in each member of the vertebrate and
iculate classes are plainly homologous. We see the same
• in comparing the wonderfully complex jaws and legs in

staceans. It is familiar to almost every one, that in a
ver the relative position of the sepals, petals, stamens, and
:ils, as well as their intimate structure, are intelligible on the

^ that they consist of metamorphosed leaves, arranged in

Mre, In monstrous plants, we often get direct evidence of
possibility of one organ^bcing transformed into another; and
can actually see in embryonic crustaceans and in many
sr animals, and in flowers, that organs, which when mature
ome extremely different, are at an early stage of growth
2tly

low inexplicable are these facts on the ordinary view of

.tion ! Why should the brain be enclosed# in a box corn-

id of such numerous and such extraordinarily shaped pieces

:)one ? Owen has remarked, the benefit derived fr^m
yielding of the separate pieces in the act of parturition of
nmals, will by 90 means explain the same construction in

skulls of birds. Why should similar bones have been
tied in the formation of^the wing and leg of a bat, used
hey ar^ for 3®ch totally different purposes ? Why should
crustacean, which has an extremely complex mouth formed
many parts, consequently always have fewer legs

;
or

versely, those with many legs have simpler mouths?
y should the sepals, petals, stamens, and pistils Vi any
vidual flower, though fitted for such widely different

Doses,' be all constructed on the same pattern ?

‘11 the theory of natural selection, we can satisfactorily

**<^er these questions. In the vertebrata, we see a series of
rnal vertebrae bearing certain processes and appendages

;

^ he articulata, we see the body divided into a series of
nent§, bearing external appendages ; and in flowering

Xs, we see a series of successive spiral whorls of leaves.

22
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An indefinite repetition of the same part or organ is the

common characteristic (as Owen has observed) of all low or

little-modified forms; therefore we may readily believe that

the unknown progenitor of the vertebrata possessed many
vertebrae; the unknown progenitor of the ar^iculata, many
segments ; and the unknown progenitor of fijwering plants,

many spiral whorls of leaves. We have ^formerly seen that

parts many times repeated are eminently liable to v£jry in

number and structure
;
consequently it is quite probable that

natural selection, during a, long-continued course of modifica-

tion, should have seized on a certain number of the primordi-

ally similar elements, many times repeated, and have adapted
them to the most diverse purposes. And as the whole
amount of modification will have been effected by slight

successive steps, we need not wonder at discovering in such
parts or organs, a certain degree of fundamental resemblance,

retained by the strong principle of inheritance.

In the great class of molluscs, thpugh we can homologise
the parts of one species with those of another and distinct

species, we can indicate but few serial homologies; that is,

we are seldom enabled to say that one part or organ is

homologous with another in the same individual -^And we
can understand this fact

;
for in molluscs, even in the lowest

members of th^ class, we do not find nearly so much
indefinite repetition of any one part, as we find in the other

great classes of the animal and vegetable kingdoms.
Naturalists frequently speak of the skull as formed of

metamorphosed vertebrae : the jaws of crabs as metamorphosed
legs ; the stamens and pistils of flowers, as metamorphosed
leaves

;
but it would in these casc^ probably be more correct,

as Professor Huxley has remarked, to speaj'^ of hoth skull

and vertebrae, both jaws and legs, &c.,—as having been
metamorphosed, not one from the other, but from some
common element. Naturalists, however, use such language

only in a metaphorical sense : they are far from meaning that

during a long course of descent, primordial organs of any
kind—vertebrae in the one case and legs in the other—have
actually been modified into skulls or jaws. Yet so strong is

the appearance of a modification of this nature having

occurred, that naturalists can hardly avoid employing language

having this plain signification. On my view these terms may
be used literally; and the wonderful fact of the jaws, for

instance, of a crab retaining numerous characters, which they
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would probably have retained through inheritance, if they
had really been metamorphosed during a long course of

descent from true legs, or from some simple appendage, is

explained.

»

•Embryology . has already been casually remarked that

certain organs in tke individual, which when mature become
widely different and serve for different purposes, are in the

embryo exactly alike. The embryos, also, of distinct animals
within the same class are often strikingly similar : a better

proof of this cannot be given, than a circumstance mentioned
by Agassiz, namely, that having forgotten to ticket the embryo
of some vertebrate animal, he cannot now tell whether it be

* of a mammal, bird, or reptile. The vermiform larvae of

moths, flies, beetles, &c., resemble each other much more
closely than do the mature insects ; but in the case of larvae,

the embryos are active, and have been adapted for special

lines of life. A trace the law of embryonic resemblance,

sometimes lasts till a rather late age : thus birds of the same
genus, and of closely allied genera, often resemble each other

in their first and second plumage
; as we see in the spotted

‘ feathefs^lii the thrush group. In the cat tribe, most of the

species are striped or spotted in line
;
and stripes can be

plainly distinguished in the whelp of the liqp. We occasion-
^

ally though rarely see something of this kind in plants : thus

the erabryqpic leaves of the ulex or furze, and the first leaves

of the phyllodineous acaccas, are j)innate or divided like the

ordinary leaves (jf the legurninosae.

The points of stiucturc, in which the embryos of widely

different animals of the fame class resemble each other,

often haffe no 'krect relation to their conditions of existence.

We cannot, for instance, Suppose that in the embryos of the

verlebrata the peculiar loop-like course of the arteries near

the branchial slits are related to similar conditions,—in the

young mammal which is nourished in the womb of its mother,

'in the egg of the bird which is hatched in a nest, an^ in the

spawn ©f a frog under water. We have no more reason to

believe in such a relation, than we have to believe that the

same bones in ^he hand of a man, wing of a bat, and fin of a

poipoise, are related to similar conditions of life. No one
will suppose that the stripes on the whelp of a lion, or the

spots on the young blackbird, are of any use to these animals,

or are related to the conditions to which they are exposed.
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?'he_ case, however, is different when an animal during any
part of its embryonic career is active, and has to provide for

itself. The period of activity may come on earlier or later in

life
; but whenever it comes on, the adaptation of the larva to

its conditions of life is just as perfect and as beautiful as

in the adult animal. From such special Captations, the
similarity of the larvae or active embryos of allied animals is

sometimes much obscured ; and cases could be given of the

larvae of two species, or of two groups of species, differing

quite as much, or even more, from each other than do their

adult parents. In most cases, however, the larvae, though
active, still obey more or less closely the law of common
embryonic resemblance. Cirripedes afford a good instance

of this : even the illustrious Cuvier did not perceive that.^ a
barnacle was, as it certainly is, a crustacean

;
but a glance"' at

the larva shows this to be the case in an unmistakeable manner.
So again the two main divisions of cirripedes, the pedunculated
and sessile, which differ widely in external appearance, have
larvae in all their several stages barely distinguishable.

The embryo in the course of development generally rises in

organisation : I use this expression, though I am aware that

it is hardly possible to define clearly t^rhat is mejot.by the

organisation being higher or lower. But no one probably will

dispute that the butterfly is higher than the caterpillar. In
some cases, ho^^'cver, the mature animal is generally con-

sidered as lower in the scale than the larva, as with certain

parasitic crustaceans. To refer once again to cifiipedes : the

larvae in the first stage have three pairs of legs, a very simple

single eye, and a probosciformed mouth, * with which they

feed largel5, for they increase much in size. In the second
stage, answering to the chrysalis stage of butt^erflies,/hey -have
six pairs of beautifully constructed natatory ^legs, a pair of

magnificent compound eyes, and extremely complex antennse

;

but they have a closed and imperfect mouth, and cannot

feed: their function at this stage is, to search by their well-

developid organs of sense, and to reach by their active powers
of swumming, a proper place on which to become attached

and to undergo their final metamorphosis. When this is

completed they are fixed for life : their legs are now converted

into prehensile organs
;
they again obtain a Veil-constructed

mouth; but they have no antennee, and their two eyes are

now reconverted into a minute, single, and very simple eye-

spot. In this last and complete state, cirripedes may be
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considered as either more highly or more lowly organiired

than they were in the larval condition. But in some genera

the Jarvse become developed either into hermaphrodites having

the ordinary structure, or into what I have called comple-

mental males •. and in tke latter, the development has

assuredly been i^trograde ; for the male is a mere sack, which
lives for a short time, and is destitute of mouth, stomach, or

other organ of importance, excepting for reproduction.

We are so much accustomed to see differences in structure

between the embryo and the ad^lt, and likewise a close

similarity in the embryos of widely different animals within

the same class, that we might be led to look at these facts

as necessarily contingent in some manner on growth. But
“'•thfM* is no obvious reason why, for instance, the wing of

a bat, or the fin of a porpoise, should not have been sketched

out with all the parts in proper proportion, as soon as any
structure became visible in the embryo. And in some whole
groups of animals and iji certain members of other groups,

the embryo does not at any period differ widely from the

adult : thus Owen has remarked in regard to cuttle-fish,

“there is no metamorphosis; the cephalopodic character

is manifejed long before the parts of the embryo are com-
pleted ;

” and again in spiders, “ there is nothing worthy
to be called a metamorphosis.” The larvae o^ insects, whether
adapted to the most diverse and active habits, or quite

inactive, beipg fed by their parents or placed in the midst

of proper nutriment, yet nearly all pass through a siAilar

worm-like stage yf development ;
but in some few cases,

as in that of Aphis, if we look to the admirable drawings by
Professor Huxley of the development of this insect, we see

no .trice «f the vermiform stage.

How, then, can we ex^ilain these several facts in embry-
ology,—namely the very general, but not universal difference

in structure between the embryo and the adult;—of parts

in the same individual embryo, which ultimately J[)ecome
very unlike and serve for diverse purposes, being at this early

period of.growth alike ;—of embryos of different species within

the same class, generally, but not universally, resembling each

dher;—of the
^
structure of the embryo not being closely

related to its conditions of existence, except when the embryo
becomes at any period of life active and has to provide for

itself ;—of the embryo apparently having sometimes a higher

organis^ftion than the manure animal, into which it is developed.
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I believe that all these facts can be explained, as follows, on
the view of descent with modification.

It is commonly assumed, perhaps from monstrosities often

affecting the embryo at a very early period, that slight

variations necessarily appear at afi equally early period. But
we have little evidence on this head—indeed the evidence
rather points the other vfay

;

for it is notorious that breeders

of cattle, h(jrses, and various fancy animals, cannot positively

tell, until some time after the animal has been born, what its

merits or form will ultiiimtely turn out. We see this plainly

in our own children
;
we cannot always tell whether the

child will be tall or short, or what its precise features will

be. The question is not, at what period of life any variation

has been caused, but at what period it is fully dispb^rad.**

The cause may have acted, and I believe generally has

acted, even before the embryo is formed
;
and the variation

may be due to the male and female sexual elements having

been affected by the conditions to wbich either parent, or their

ancestors, have been exposed. Nevertheless an effect thus

caused at a very early period, even before the formation of

the embryo, may appear late in life; as when an hereditary

disease, which appears in old age alone, has beent.©mmuni-
cated to the offspring from the reproductive element of one
parent. Or again, as when the horns of cross-bred cattle have
been affected by the shape of the horns of either parent. For
the^ welfare of a very young animal, as long as ^t remains in

its mother's womb, or in the egg, or as long as it is nourished

and protected by its parent, it must be .quite unimportant
whether most of its characters are fully acquired a little earlier

or later in life. It would not signify, for instance, to a bird

which obtained its food best by having a Itng be^cK, whether
or not it assumed a beak of this particular length, as long

:is it was fed by its parents. Hence, I conclude, that it is

quite possible, that each of the many successive modifications,

by which each species has acquired its present structure, may
have supervened at a not very early period of life ; and some
direct evidence from our domestic animals supports this view.

But in other cases it is quite possible that each successive

modification, or most of them, may have
,
appeared at in

extremely early period.

I have stated in the first chapter, that there is some
evidence to render it probable, that at whatever age any
variation first appears in the parent, it tends to reappear
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at a corresponding age in the offspring. Certain vajia-

tions can only appear at corresponding ages, for instance,

peculiarities in the caterpillar, cocoon, or imago states of

the silk-moth
;

or, again, in the horns of almost full grown
cattle. But further than this, variations which, for all that

we«can see, miybt have appeared earlier or later in life, tend

to appear at a con;psponding age in the offspring and parent.

I am far from meaning that this i# invariably the case ; and
I could give a good many cases of variations (taking the

word in the largest sense) which^ have supervened at an
earlier age in the child than in the parent.

These two principles, if their truth be admitted, will, I

believe, explain all the above specified leading facts in embry-
•olQ^jy. But first let us look at a few analogous cases in

domestic varieties. Some authors who have written on Dogs,
maintain that the greyhound and bull-dog, though appearing

so different, are really varieties most closely allied, and have
probably descended from the same wild stock

;
hence I was

curious to see how far their puppies differed from each other :

I was told by breeders that they differed just as much as

their parents, and this, judging by the eye, seemed almost

to be thft .case ;
but on actually measuring the old dogs and

their six-days old puppies, I found that the puppies had
not nearly acquired their full amount of proportional differ-

ence, So, again, I was told that the foals of cart and
race-horses differed as much as the full-grown animals ; and
this surprised me greatly, as I think it probable thar the

difference between these two breeds has been wholly caused

by selection under domestication
;

but having had careful

measurements made of the 4am and of a three-da^s old colt

of a 'race# and ^cavy cart-horse, I find that the colts have

by no means acquired t*lieir full amount of proportional

difference.

As the evidence appears to me conclusive, that the several

domestic breeds of Pigeon have descended from one wild

species, I compared young pigeons of various breediSf within

twelve hours after being hatched ; I carefully measured the

proportions (but will not here give details) of the beak, width

of mouth, length of nostril and of eyelid, size of feet and
length of leg, In the wild stock, in pouters, fantails, runts,

barbs, dragons, carriers, and tumblers. Now some of these

birds, when mature, differ so extraordinarily in length and form
of beak* that they would, I cannot doubt, be ranked in
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distinct genera, had they been natural productions. But
when the nestling bird of these several breeds were placed
in a row, though most of them could be distinguised from
each other, yet their proportional dilTerences in the above
specified several points were inccfmparably less than in the

full-grown birds. Some characteristic points^of difference

—

for instance, that of the ;^vidth of mouthi—could hardly be
detected in the young. But there was one remarkable
exception to this rule, for the young of the short-faced tumbler
differed from the young of the wild rock-pigeon and of the

other breeds, in all its proportions, almost exactly as much
as in the adult state.

The two principles above given seem to me to explain these

facts in regard to the later embryonic stages of our domr^^^c ^

varieties. Fanciers select their horses, dogs, and pigeons, for

breeding, when they are nearly grown up : they are indifferent

whether the desired qualities and structures have been acquired

earlier or later in life, if the full-grown animal possesses them.

And the cases just given, more especially that of pigeons, seem
to show that the characteristic differences which give value to

each breed, and which have been accumulated by man^s
selection, have not generally first appeared at an oRrijr period

of life, and have been inherited by the offspring at a corre-

sponding not eady period. But the case of the short-faced

tumbler, which when twelve hours old had acquired its proper

proportions, proves that this is not the universal rqje ;
for here

the characteristic differences must either have appeared at

an earlier period than usual, or, if not sq, the differences

must have,been inherited, not at the corresponding, but at an
earlier age. *

Now let us apply these facts and the above^wo prkiciples

—

which latter, though not proved trie, can be shown to be in

some degree probable—to species in a state of nature. Let

us take a genus of birds, descended on my theory from some
one parfpt-species, and of which the several new species have

become modified through natural selection in accordance witb

their diverse habits. Then, from the many slight successive

steps of variation having supervened at a rather late age, and
having been inherited at a corresponding age, the young of-the

new species of our supposed genus wull manifestly tend to

resemble each other much more closely than do the adults,

just as we have seen in the case of pigeons. We may extend

this view to whole families or even classes. The forS-limbs,
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for instance, which served ar legs in the parent-species, «nay

become, by a long course of modification, adapted in one
descendant to act as hands, in another as paddies, in another

as wings; and on the above two principles—namely of each

successive modification stpervening at a rather late age,

anTi being in'^erited at a corresponding late age—the

fore limbs in the embryos of the jjpveral descendants of the

parent-species will still resemble each other closely, for they

will not have been modified. But in each individual new
species, the embryonic fore-limbs tivill differ greatly from the

fore-limbs in the mature animal
;
the limbs in the latter having

undergone much modification at a rather late period of life,

and having thus been converted into hands, or paddles, or
* Whatever influence long-continued exercise or use on
the one hand, and disuse on the other, may have in modifying

an organ, such influence will mainly affect the mature animal,

which has come to its full powers of activity and has to gain

its own living ; and the effects thus produced will be inherited

at a corresponding mature age. Whereas the young will

remain unmodified, or be modified in a lesser degree, by the

effects of use and disuse.

In CWtclin cases the successive steps of variation might
supervene, from causes of which we are wholly ignorant, at a
very early period of life, or each step might be inherited at an
earlier period than that at which it first appeared. In either

case (as wi^i the short-faced tumbler) the young or embryo
would closely resemble the mature parent-form. We have*seen

that thi6 is the rgle of development in certain whole groups

of animals, as with cuttle-fish and spiders, and,with a few

members of the great clas^ of insects, as with Aphis. With
respect t6 the 4nal cause of the young in these cases not

undergoing any metamorphosis, or closely resembling their

parents from their earliest age, we can see that this would
result from the two following contingencies

;
firstly, from the

young, during a course of modification carried on ^r many
generations, having to provide for their own wants at a very

early stage of development, and secondly, from their following

exactly the same habits of life wdth their parents
;
for in this

tase, it w'ould bp indispensable for the existence of the species,

that the child should be modified at a very early age in the

same manner with its parents, in accordance with their similar

habits.
^
Some further explanation, however, of the embryo not

undergoing any metamorphosis is perhaps requisite. If, on
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the ^ther hand, it profited the young to follow habits of life in

any degree different from those of their parent, and conse-
quently to be constructed in a slightly different manner, then,

•on the principle of inheritance at corresponding ages, the

active young or larvaa might easily be rendered by natural

selection different to any conceivable extent fro^ their parents.

Such differences might, also, become correl^ed with successive

stages of development; so^that the larvae, in the first ^tage,

might differ greatly from the larvaa in the second stage, as we
have seen to be the case jj^ith cirripedes. The adult might
become fitted for sites or habits, in which organs of locomotion
•or of the senses, &c., would be useless

;
and in this case the

final metamorphosis would be said to be retrograde.

As all the organic beings, extinct and recent, which have (^)5g:

lived on this earth have to be classed together, and as all have
been connected by the finest gradations, the best, or indeed,

if our collections were nearly perfect, the only possible arrange-

ment, would be genealogical. Descent being on my view the

hidden bond of connexion which naturalists have been seeking

under the term ot the natural system. On this view we can
understand how it is that, in the eyes of most naturalists, the

structure of the embryo is even more important for^ciusifica-

tion than that of the adult. For the embryo is the animal in

^
its less modified state ; and in so far it reveals the structure of

its progenitor. In two groups of animal, however much they

may at present differ from each other in structure and habits,

if th^y pass through the same or similar embryoni?: stages, we
may feel assured that they have both descended from th^ same
or nearly similar parents, and are therefore in tfiat degree closely

related. Tl?us, community in embi^^onic structure reveals com-
munity of descent. It will reveal this commgpity ofedescent,

however much the structure of the adnit may have been modified

and obscured
;
we have seen, for instance, that cirripedes can at

once be recognised by their larvae as belonging to the great

class of crustaceans. As the embryonic state of each species

and group of species partially shows us the structure of their,

less modified ancient progenitors, we can clearly gee why
ancient and extinct forms of life should resemble the embryos
of their descendants,—our existing species. Agassiz belieyes-

this to be a law of nature ; but I am bound t6 confess that I

only hope to see the law hereafter proved true. It can be

proved true in those cases alone in which the ancient state,

now supposed to be represented in many embryos, his not
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been obliterated, either by the successive variations in a#long

course of modification having supervened at a very early age,

or. by the variations having been inherited at an earlier period

than that at which they first appeared. It should also be
borne in mind, that the sujiposed law of resemblance of ancient

forms of life to'^the embryonic stages of recent forms, may be
true, but yet, owing to the geological record not extending far

enough back in time, may remain for a long period, or for

ever, incapable of demonstration.

Thus, as it seems to me, the leading facts in embryology,

which are second in importance to none in natural history,

are explained on the principle of slight modifications not

appearing, in the many descendants from some one ancient

pi^igenitor, at a very early period in the life of each, though
perhaps caused at the earliest, and being inherited at a
corresponding not early period. Embryology rises greatly in

interest, when we thus look at the embryo as a picture, more
or less obscured, of tli^ common parent-form of each great

class of animals.

Rudimentary^ atrophied^ or abortive organs,—Organs or parts

in this^tftinge condition, bearing the stamp of inutility, are

extremely common throughout nature. For instance, rudi-

mentary mammas are very general in the n^les of mammals:,
I presume that the “bastard-wing” in birds may be safely

considered^as a digit in a rudimentary state : in very many
snakes one lobe of the lungs is rudimentary; in other s*nakes

there are rudimgnts of the pelvis and hind limbs. Some of

the cases of rudinientary organs are extremely ^curious
;
for

instance, the presence of feeth in foetal whales, which when
grown have «iot a tooth in their heads; and the presence

of teeth, which never cut*through the gums, in the upper jaws
of our unborn calves. It has even been stated on good
authority that rudiments of teeth can be detected in the beaks
of certain embryonic birds. Nothing can be plainer^han that

•wings are formed for flight, yet in how many insects no we see

wings so reduced in size as to be utterly incapable of flight,

and not rarely lying under wing-cases, firmly soldered together !

• The mcaniry; of rudimentary organs is often quite unmis-

takeable : for instance there are beetles of the same genus
(and even of the same species) resembling each other most
closely in all respects, one of which will have full-sized wings,

and another mere rudiments of membrane
;
and here it is



348 ON THE ORIGIN OF SPECIES.

im|\ossible to doubt, that the rudiments represent wings.

Rudimenlory organs sometimes retain their potentiality, and
are merely not developed : this seems to be the case with the

mammae of male mammals, for many instances are on record

of these organs having become w^dl developed in full-grown

males, and having secreted milk. So again tlvire are normally

four developed and two rudimentary teats ip the udders of the

genus Bos, but in our ?iomcstic cows the two sometimes
become developed and give milk. . In individual plants of the

same siiecies the petals so|netimes occur as mere rudiments,

and sometimes in a well-developed state. In plants with

separated sexes, the male flowers often have a rudiment of a

pistil
;
and Kblreuter found that by crossing such male plants

with an hermaphrodite species, the rudiment of the pistiWn •

the hybrid offspring was much increased in size
;
and this

shows that the rudiment and the perfect pistil are essentially

alike in nature.

An organ serving for two purposes, i;^iay become rudimentary

or utterly abortive for one, even the more important purpose

;

and remain perfectly efficient for the other. Thus in plants,

the office of the pistil is to allow the pollen-tubes to reach

the ovules protected in the ovarium at its base. •T4k pistil

consists of a stigma supjiorted on the style; but in some
Compositse, the male florets, which of course cannot be

' fecundated, have a pistil, which is in a rudimentary state, for

it is not crowned with a stigma ;
but the style remains well

develtjped, and is clothed with hairs as in other compositse,

for the purpose of brushing the pollen out of the surrounding

anthers. Again, an organ may become rudimentary for its

proper purpose, and be used for a^' distinct object : in certain

fish the swim-bladder seems to be rudimentyy for fts pfbper

function of giving buoyancy, but hds become converted into

a nascent breathing organ or lung. Other similar instances

could be given.

Rudimentary organs in the individuals of the same species

are very liable to vary in degree of development and in other
respects. Moreover, in closely allied species, the degree to

which the same organ has been rendered rudimentary occa-

sionally differs much. This latter fact is well
^

exemplified in"

the state of the wings of the female moths in certain groups.

Rudimentary organs may be utterly aborted
;
and this implies,

that we find in an animal or plant no trace of an organ,

which analogy would lead us to expect to find, and yftiich is
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occasionally found in monstrous individuals of the speges.

Thus in the snapdragon (antirrhinum) we generally do not

find a rudiment of a fifth stamen
; but this may sometimes

be seen. In tracing the homologies of the same part in

different members of a clz^s, nothing is more common, or

mqfe necessary,^than the use and discovery of rudiments.

This is well shown in the drawings given by Owen of the

bones of the leg of She horse, ox, anfl rhinoceros.

It is an important fact that rudimentary organs, such as

teeth in the upper jaws of whalefLand ruminants, can often

be detected in the embryo, but afterwards wholly disappear.

It is also, I believe, a universal rule, that a rudimentary part

or organ is of greater size relatively to the adjoining parts in

^tlig^mbryo, than in the adult; so that the organ at this early

age is less rudimentary, or even cannot be said to be in any
degree rudimentary. Hence, also, a rudimentary organ in the

adult, is often said to have retained its embiyonic condition.

I have now given the leading facts with respect to rudi-

mentary organs. In reffecling on them, every one must be
struck with astonishment : for the same reasoning power which
tells us plainly that most parts and organs are exquisitely

adaptedjbji certain purposes, tells* us with equal plainness that

these rudimentary or atrophied organs, are imperfect and
useless. In works on natural history rudimentary organs are

generally said to have been created “for the sake of symmetry,’'

or in order “ to complete the scheme of nature
;
” but this

seems to m^ no explanation, merely a restatement of the*fact.

Would it be thought sufficient to say that because planets

revolve’ in elliptic? courses round the sun, satellites follow the

same course round the planets, for the sake of syii^metry, and
to compl^ite the jfheme of nature ? An eminent physiologist

acc:ounls for the presence ef rudimentary organs, by supposing

that they serve to excrete matter in excess, or injurious to the

system; but can we suppose that the minute papilla, which
often represents the pistil in male flowers, and which is formed
iperely of cellular tissue, can thus act ? Can we sup^Tose that

the formation of rudimentary teeth which are subsequently

absorbed, can be of any service to the rapidly growing
embryonic calf by the excretion of precious phosphate of

lime ? When a*man’s fingers have been amputated, imperfect

nails sometimes appear on the stumps : I could as soon believe

that these vestiges of nails have appeared, not from unknown
laws of^growth, but in order to excrete horny matter, as that
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the rudimentary nails on the fin of the manatee were formed
for this purpose.

On my view of descent with modification, the origin of

rudimentary organs is simple. We have plenty of cases of

rudimentary organs in our domesferc productions,—as the stump
of a tail in tailless breeds,—the vestige of /an ear in eaTiless

breeds,—the reappearance of minute danglmg horns in hornless

breeds of cattle, more especially, according to Yoiuatt, in

young animals,—and the state of the whole flower in the

cauliflower. We often ^ee rudiments of various parts in

monsters. But I doubt whether any of these cases throw
light on the origin of rudimentary organs in a state of nature,

further than by showing that rudiments can be produced

;

for I doubt whether species under nature ever undergo aiaaipt*"

changes. 1 believe that disuse has been the main agency

;

that it has led in successive generations to the gradual

reduction of various organs, until they have become rudi-

mentary,—as in the case of the eyes of animals inhabiting

dark caverns, and of the wings of birds inhabiting oceanic

islands, which have seldom been forced to take flight, and
have ultimately lost the power of flying. Again, an organ
useful under certain conditions, might become injfc:ri««s under
others, as with the wings of beetles living on small and
exposed islands,; and in this case natural selection would
continue slowly to reduce the organ, until it was rendered

harmless and rudimentary.

Any change in function, which can be effected 'by insensibly

small steps, is within the power of natural
^
selection so that

an organ gendered, during changed habits of life, useless or

injurious for one purpose, might ‘easily be modified and used
for another purpose. Or an organ might b# retainisd fdr one
alone of its former functions. An organ, when rendered
useless, may well be variable, for its variations cannot be

checked by natural selection. At whatever period of life

disuse ^r selection reduces an organ, and this will generally

be when the being has come to maturity and to its full powers
of action, the principle of inheritance at corresponding ages

will reproduce the organ in its reduced state at the same age,

and consequently vAW seldom affect or reduce it in the embryo.
Thus we can understand the greater relative size of rudimentary

organs in the embryo, and their lesser relative size in the

adult. But if each step of the process of reduction were to

be inherited, not at the corresponding age, but at an extremely
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early period of life (as we have good reason to believe^ to

be possible) the rudimentary part would tend to be wholly

lost^, and we should have a case of complete abortion. The
principle, also, of economy, explained in a former chapter,

by which the materials fori^ing any part or structure, if not

useful to the po'^sessor, will be saved as far as is possible, will

probably often com^ into play; and this will tend to cause

the entire obliteration of a rudimentary organ.

As the presence of rudimentary organs is thus due to the

tendency in every part of the or^nisation, which has long

existed, to be inherited—we can understand, on the genea-

logical view of classification, how it is that systematists have
found rudimentary parts as useful as, or even sometimes more
us#^ifi;l. than, parts of high physiological importance. Rudi-
mentary organs may be compared with the letters in a word,

still retained in the spelling, but become useless in the pro-

nunciation, but which serve as a clue in seeking for its

derivation. On the view of descent with modification, we
may conclude that the existence of organs in a rudimentary,

imperfect, and useless condition, or quite aborted, far from
presenting a strange difficulty, as they assuredly do on the

ordinary^vdostrine of creation, might even have been anticipated

and can be accounted for by the laws of inheritance.

Summary .—In this chapter I have attempted to show, that

the subordination of group to group in all organisms throughout
all time; tffat the nature of the relationship, by which all

living ^nd extinct beings are united by complex, radiating,

and circuitous lines of affinities into one grand svstem
; the

rules .followed and the diffculties encountered by naturalists

in tlfeir reclassifications ;
the value set upon characters, if

constant and prevalent, whether of high vital importance, or

of the most trifling importance, or, as in rudimentary organs,

of no importance; the wide opposition in value between
analogical or adaptive characters, and characters of true

£>ffinity
;
and other such rules;—all naturally follow-on the

view of ,the common parentage of those forms which are

considered by naturalists as allied, together with their modi-
-fication through natural selection, with its contingencies of
extinction and divergence of character. In considering this

view of classification, it should be borne in mind that the

element of descent has been universally used in ranking
togethef the sexes, ages, and acknowledged varieties of the
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same species, however different they may be in structure. If

we extend the use of this element of descent,—the only

certainly known cause of similarity in organic beings,—^we

shall understand what is meant by the natural system : it is

genealogical in its attempted arrangement, with the grades

of acquired difference marked by the terms ‘Varieties, specafes,

genera, families, orders, and classes. f

On this same view of descent with modification^ all the

great facts in Morphology become intelligible,—whether we
look to the same pattern displayed in the homologous organs,

to whatever purpose applied, of the different species of a class

;

or to the homologous parts constructed on the same pattern

in each individual animal and plant.

On the p^rinciple of successive slight variations, not iwjcs-

sarily or generally supervening at a very early period of life,

and being inherited at a corresponding period, we can under-

stand the great leading facts in Embryology
;
namely, the

resemblance in an individual embryo of the homologous parts,

which when matured will become widely different from each
other in structure and function ;

and the resemblance in

different species of a class of the homologous parts or organs,

though fitted in the adult members for purposes as 'different

as possible. Larvae are active embryos, w^hich have become
specially modified in relation to their habits of life, through
tfie principle of modifications being inherited at corresponding

ages. On this same principle—and bearing in mind, that when
organs are reduced in size, either from disuse or selection, it will

generally be at that period of life when the being has to provide

for its own wants, and bearing in mind how strong is the prin-

ciple of inheritance—the occurrencU of rudimentary organs and
their final abortion, p)resent to us no inexplicable difficulties

;
on

the contrary, their presence might have been even anticipated.

The importance of embryological characters and of rudimentary

organs in classification is intelligible, on the view that an
arrangement is only so far natural as it is genealogical.

Finally, the several classes of facts which have been con*
sidered in this chapter, seem to me to proclaim so plainly,

that the innumerable species, genera, and families of organic

beings, with which this world is peopled, have all descended,*
each within its own class or group, from common parents, and
have all been modified in the course of descent, that I should

without hesitation adopt this view, even if it were unsupported
by other facts or arguments.



CHAPTER XIV.
o

Recapitulation and Conclusion.

Recapilulation of the difficulties on the theory of Natural Selection

—

’ I%^;apitulation of the general and special circumstances in its favour

—

Causes of the general belief in the immutability of species—How far

the tlieory of natural selection may be extended— Effects of its adoption

on the study of Natural history—Concluding remarks.

As this whole volume is •one long argument, it may be con
venient to the reader to have the leading facts and inferences

briefly recapitulated.

That many and grave objections may be advanced against

the theory of descent with modification through natural

selection, I do not deny. I have endeavoured to give to them
their full force. Nothing at first can appear more difficult

to believe than that the more complex organs and instincts

should have keen perfected, not by means superior to, thojigh

analogous with, human reason, but by tlie accumulation of

innumerable sligh# variations, each good for the individual

possessor. Nevertheless, this difficulty, though appearing to

our irragination insuperably great, cannot be considered real

if we admit the following propositions, namely,—that gradations
in the perfection of any organ or instinct, which we may
consider, either do now exist or could have existed, each good
of its kind,—that all organs and instincts are, in ever so slight

a degree, variable,—and, lastly, that there is a struaigle for

existence leading to the preservation of each profitable deviation

of structure or instinct. The truth of these propositions

c^innot, I think, be disputed.

It ’is, no doubt, extremely difficult even to conjecture by
what gradations many structures have been perfected, more
especially amongst broken and failing groups of organic beings;
but we F^e so many strange gradations in nature, as is pro-

claimed by the canon, “ Natura non facit salturn,** tha^ we

353 23
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ought to be extremely cautious in saying that any orgj

or instinct, or any whole being, could not have arrived ^t i

present state by many graduated steps. There are, it i u

be admitted, cases of special difficulty on the theory of nat..r -

selection
;
and one of the most curious of these is the existem

of two or three defined castes of workers or ^rerile females^

the same community of ai;its ; but I have . attempted to she

how this difficulty can be mastered. »

With respect to the almost universal sterility of species whe
first crossed, which forms <so remarkable a contrast with tl

almost universal fertility of varieties when crossed, I mu
refer the reader to the recapitulation of the facts given at tl

end of the eighth chapter, w^hich seem to me conclusive

to show that this sterility is no more a special endowiift»-i

than is the incajiacity of two trees to be grafted togethei

but that it is incidental on constitutional differences in tf

reproductive systems of the intercrossed species. We sc

the truth of this conclusion in the vas;^ difference in the resul

when the same two species are crossed reciprocally
; that i:

when one species is first used as the father and then as th

mother.

The fertility of varieties when intercrossed and ^bf the

mongrel offspring cannot be considered as universal ; nor ]

their very general fertility surprising when we remember the

it is not likely that either their constitutions or their repre

diictive systems should have been profoundly, modifier

Moreover, most Qf the varieties which have been experimentise-

on have been produced under domesti/pation
;

and a

domesticati(?n apparently tends to eliminate sterility, we ough
not to expect it also to produce sterility.

The sterility of hybrids is a very differep^ case tom tho

of first crosses, for their reproductive organs are more or les

functionally impotent
;
whereas in first crosses the organs oi

both sides are in a perfect condition. As we continually se*

that organisms of all kinds are rendered in some degree steril

from their constitutions having been disturbed by slightl;

different and new conditions of life, we need not feel surpr’sei

at hybrids being in some degree sterile, for their constitution

can hardly fail to have been disturbed from being compounded
of two distinct organisations. This parallelism is supporte(

by another parallel, but directly opposite, class of facts

namely, that the vigour and fertility of all organic beings ar<

increased by slight changes in their conditions of life, ant
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i that the offspring of slightly modified forms or varieties

[U.ire from being crossed increased vigour and fertility.

^
nat, on the one hand, considerable changes in the con-

(jns of life and crosses between greatly modified forms,

sen fertility ; and on th^ other hand, lesser changes in the

iditions of l^fe and crosses between less modified forms,

rease fertility. «

Turning to geographical distribufion, the difficulties encoun-

sd on the theory of descent with modification are grave

)ugh. All the individuals of tlje same species, and all the

cies of the same genus, or even higher group, must have
cended from common parents

;
and therefore, in however

.ant and isolated parts of the world they are now found,

j^must in the course of successive generations have passed

tn some one part to the others. We are often wholly

ible even to conjecture how this could have been effected.

as we have reason to believe that some species have
ined the same specific form for very long periods,

rmoiisly long as measured by years, too much stress ought
to be laid on the occasional wide diffusion of the

le species; for during very loiii; periods of time theie

aWays be a good chance for wide migration by many
ms. A broken or interrupted range may often be accounted
by the extinction of the species in the inlj^rmediate regions.

.

lannot be denied that we are as yet very ignorant of the

extent of the various climatal and geographical changes
ch have affected the earth during modern periods f and
1 cjianges wilj obviously have greatly facilitated migration,

an example, I have attempted to show how^ potent has
a the influence of th^ Glacial period on the distribution

1 oiithe san^ and of representative species throughout the

Id. We are as yef profoundly ignorant of the many
isional means of transport. With respect to distinct

:ies of the same genus inhabiting very distant and isolated

ons, as the process of modification has necess^ily been
Vy all the means of migration will have been possible during
.ery.long period; and consequently the difficulty of the
e diffusion of species of the same genus is in some degree
.ened.

^
V.S on the theory of natural selection an interminable
nber of intermediate forms must have existed, linking

ether all the species in each group by gradations as fine

out present varieties, it may be asked, Why do we not
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see these linking forms all around us? Why are not all

organic beings blended together in an inextricable chaos ?

^Vith respect to existing forms, we should remember that

we have no right to expect (excepting in rare cases) to disc6ver

directly connecting links between them, but only between

each and some extinct and supi^lanted forip. Even on a

wide area, which has during a long periocf remained con-

tinuous, and of which thefclimate and other conditions of life

change insensibly in going from a district occupied ny one
species into another district occupied by a closely allied

species, we have no just nght to expect often to find inter-

mediate varieties in the intermediate zone. For we have
reason to believe that only a few species are undergoing

change at any one period
\
and all changes are slowly effected.

I have also shown that the intermediate varieties ^ich
will at first probably exist in the intermediate zones, will be

liable to be supplanted by the allied forms on either hand

;

and the latter, from existing in greater numbers, will generally

be modified and improved at a quicker rale than the intir-

rnediate varieties, which exist in lesser numbers
;
so that '.he

intermediate varieties will, in the long run, be supplanted

and exterminated. ^ ^

On this doctrine of the extermination of an infinitude

of connecting links, between the living and extinct inhabitants

of the wxu'ld, arid at each successive period between the

extinct and still older species, why is not every geological

formation charged with such links ? Why does not every

collection of fossil remains afford plain evidence of the

gradation and mutation of the forms of life T ^Ve meet with

no such evidence, and this is the [post obvious and forcible

of the many objections which may be urged against in;;,theory.

Why, again, do whole groups of allied species a[.)pear, though
certainly they often falsely appear, to have come in suddenly

on the several geological stages ? Why do we not find great

piles of strata beneath the Silurian system, stored with the

remains Of the progenitors of the Silurian groups of fossils ?

For certainly on my theory such strata must somewhere have

been deposited at these ancient and utterly unknown epochs

in the world’s history.

I can answer these questions and grave dejections only

on the supposition that the geological record is far more
imperfect than most geologists believe. It cannot be objected

that there has not been time sufficient for any amount of
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orgAnic change; 'for the lapse of time has been so gjeat

as to be utterly inappreciable by the human intellect. The
nunciJjer of specimens in all our museums is absolutely as

nothing compared with the countless generations of countless

species which certainly have*existed. We should not be able

to recognise a sj-vcies as the parent of any one or more species

if we were to exami»e them ever so closely, unless we likewise

possessed many of the intermediate links between their past

or parent and present states ; and these man/ links we could

hardly ever expect to discover, owing to the imperfection of

the geological record. Numerous existing doubtful forms

could be named which are probably varieties; but who will

pretend that in future ages so many fossil links will be dis-

CGVG“«d, that naturalists will be able to decide- on the common
view, whether or not these doubtful forms are varieties ? As
long as most of the links between any two species are

unknown, if any one link or intermediate variety be discovered,

ityvill sim[)ly be classed as another and distinct species.

On a small portion of the world has been geologically

explored. Only organic beings of certain classes can be
preserved in a fo.ssil condition, at least in any great number.
Widely raifging species vary most, and varieties are often

at first local,— both causes rendering the discovery of inter-

mediate links less likely. Local varieties will, not s[)read into

other and distant regions until they are corisideialjly modified

and impro\^ed
;

and when they do S[)read, if discovered

in a geological formation, they wall appear as if suddenly

created, there, aijd will be simply classed as new species

Most formations ha\e been intermittent in their accumulation;

and tkeir duration, I am imfiined to believe^ has been shorter

than *th'.^ average duration of specific forms. Successive

formations are separated ffom each other by enormous blank

Intel vils of time; for fossiliferous formations, thick enough
to resist future degradation, can be accumulated only where

much sediment is deposited on the subsiding bed of the sea.

During the alternate periods of elevation and of stationary

level tho record will be blank. During these latter periods

there will probably be more variability in the forms of life;

during periods ^f subsidence, more extinction.

With respect to the absence of fpssiliferous formations

beneath the lowest Silurian strata, I can only recur to the

hypothesis given in the ninth chapter. That the geological

record is imperfect all will admit ; but that it is imperfect to
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the degree which I require, few will be inclined to admit. If

we look to long enough intervals of time, geology plainly

declares that all species have changed
; and they have changed

in the manner which my theory requires, for they have
changed slowly and in a graduated manner. We clearly see

this in the fossil remains from consecutive formations '' in-

variably being much morg closely related •to each other, than
are the fossils from formations distant from each other in

time.

Such is the sum of • the several chief objections and
difficulties which may justly be urged against my theory

;

and I have now briefly recapitulated the answers and ex-

planations which can be given to them. I have felt these

difficulties far too heavily during many years to doubwtheir
weight. But it deserves especial notice that the more
important objections relate to questions on which wc are

confessedly ignorant
;
nor do we know how ignorant w'e are.

We do not know all the possilje transitional gradatums
between the simplest and the most perfect organs

;
it cg^inot

be pretended that we know all the varied means of Distribu-

tion during the long lapse of years, or that we know how
imperfect the Geological record is. Grave as Aesfe several

difficulties are, in my judgment they do not overthrow the

theory of descent with modification.

1^0w let us turn to the other side of the argurpent. Under
domestication we see much variability. This seems to be
mainly due to the reproductive systenv being eminently
susceptible to changes in the conditions of life

; so that this

system, when ngt rendered ini^^otent, fails to rciKoduce
offspring exactly like the parent-form. VariLbility i^^'govecned

by many complex laws,—by correlation of grow^th, by use

and disuse, and by the direct action of the physical conditions

of life. There is much difficulty in ascertaining how much
modifio^-tion our domestic productions have undergone; but

we may safely infer that the amount has been large, and that

modifications can be inherited for long periods. As long as

the conditions of life remain the same, we have reason to

believe that a modification, which has already been inherited

for many generations, may continue to be inherited for an
almost infi^nite number of generations. On the other hand
we have evidence that variability, when it has once cgme into

play^ does not wholly cc.''.se; for new varieties are still
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occasionally produced by our most anciently domesticated

productions.

Man does not actually produce variability
; he only un-

intentionally exposes organic beings to new conditions of

life, and then nature acts pn the organisation, and causes

variability. But^nan can and does select the variations given

to him by nature, and thus accumulate them in any desired

manner. He thus adapts animals and plants for his own
benefit or pleasure. He may do this methodically, or he may
do it unconsciously by preserving the individuals most useful

to him at the time, without any thought of altering the breed.

It is certain that he can largely influence the character of

a breed by selecting, in each successive generation, individual

difleietices so slight as to be quite inappreciable by an
uneducated eye. This process of selection has 'been the great

agency in the production of the most distinct and useful

domestic breeds. That many of the breeds produced by
have to a large extent the character of natural species,

is \hown by the inextricable doubts whether very many of

them are varieties or aboriginal species.

There is no obvious reason why the principles which have
acted so ei'ftciently under domestication should not have acted

under nature. In the preservation of favoured individuals and
races, during th« constantly-recurrent Struggle for Existence,

we see the most powerful and ever-acting means of selection.

The struggle for existence inevitably follows from the high

geometrical ratio of increase which is common to all organic

beings.* This high rate of increase is proved by calculation,

by the effects of a succession of peculiar seasons,^and by the

results of naturalisation, aS explained in the third chapter.

More individualsmre born that can possibly survive. A grain

in the balance will determine which individual shall live and
which shall die,—which variety or species shall increase in

number, and which shall decrease, or finally become extinct.

As the individuals of the same species come in all^respects

into the closest competition with each other, the struggle will

generally be most severe between them; it will be almost

equally severe between the varieties of the same species, and
'next in severityi between the species of the same genus. But
the struggle will often be very severe between beings most
remote in the scale of nature. The slightest advantage in one
being, any age or during any season, over those with which
t comes into competition, or better adaptation in however
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sligbi a degree to the surrounding physical conditions, will

turn the balance.

With animals having separated sexes there will in njost

cases be a struggle between the males for possession of the

females. The most vigorous individuals, or those which have

most successively struggled with their conditions of life, Will

generally leave most progepy. But success will often depend

on having special weapons or means of defence, or on* the

charms of the males
;
and the slightest advantage will lead

to victory. *

As geology plainly proclaims that each land has undergone

great physical changes, we might have expected that organic

beings w^ould have varied under nature, in the same way as

they geneially liave varied under the changed conditions of

domestication. And if there be any variability under nature,

it would be an unaccountable fact if natural selection had not

epme into play. It has often been asserted, but the assertion

is quite incapable of proof, that the amount of variation und^:

nature is a strictly limited quantity. Man, though acting ()n

external characters alone and often capriciously, can produce

within a .short period a great result by adding up mere indi-

vidual differences in his domestic productions
;
and'^every one

admits that there are at least individual differences in species

• under nature. But, besides such differences, all naturalists

have admitted the existence of varieties, which they think

sufficiently distinct to be worthy of record in systcnjaiic works.

No one can draw any clear distinction between individual

differences and slight varieties
^

or between more plainly

marked var^tics and sub-species, and species. Let it be

observed how naturalists differ in ft'ie rank which they^

to the many representative forms
^
in Europe and" North

America.
If then we have under nature variability and a powerful

agent always ready to act and select, why should we doubt

that variations in any way useful to beings, under their

excessively complex relations of life, would be preserved,*

accumulated, rnd inherited? Why, if man can by patience

select variations most useful to himself, should nature fail

in selecting variations useful, under changing# conditions' of
'

life, to her living products ? What limit can be put to this

power, acting during long ages and rigidly scrutinising the

whole constitution, structure, and habits of each creature,—

favouring the good and rejecting the bad ? I can see no limit
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to 'this power, in slowly and beautifully adapting each form
to the most complex relations of life. The theory of natural

selection, even if we looked no further than this, seems to me
to be in itself probable. I have already recapitulated, as

fairly as I could, the opposed difficulties and objections

:

noV let us turn ^o the special facts and arguments in favour

of the theory. *
,

On the view that species are only strongly marked and
permanent varieties, and that each species first existed as

a variety, we can see why it is tfitit no line of demarcation
can be drawn between species, commonly supposed to have
been produced by special acts of creation, and varieties which
are acknowledged to have been produced by secondary laws.

On Lifts same view we can understand how it is that in each
region where many species of a genus have been produced,

and where they now flourish, these same sp)ecies should present

many varieties
;

for where the manufactory of species has

IJ^en active, we might e:*pect, as a general rule, to find it still

in ction
;
and this is the case if varieties be incipient species.

Moreover, the species of the larger genera, which afford the

greater number of varieties or incipient species, retain to

a certain degree the character of varieties
;
for they differ from

each other by a less amount of difference than do the species

of smaller genera. The closely allied species also of the

larger genera apparently have restricted ranges, and they

are clustert^ in little groups round other species—in )yhich

respects they resemble varieties. These are strange relations

on the view of eath species having been independently created,

but are intelligible if all species first existed as varif*ties.

Ajyeach species tends bf its geometrical ratio of reproduc-

tion to iftcrease inordinately in number
; and as the modified

descendants of each species will be enabled to increase

by so much the more as they become more diversified in

habits and structure, so as to be enabled to seize on many
and widely different places in the economy of native, there

will be a constant tendency in natural selection to preserve

the most divergent offspring of any one species. Hence
during a long-continued course of modification, the slight

'differences, characteristic of varieties of the same species,

tend to be augmented into the greater differences character-

istic of species of the same genus. New and improved
varietie^i will inevitably supplant and exterminate the older,

less improved and intermediate varieties; and thus species
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are tendered to a large extent defined and distinct objects.

Dominant species belonging to the larger groups tend to

give birth to new and dominant forms; so that each large

group tends to become still larger, and at the same time

more divergent in character, But|>as all groups cannot thus

succeed in increasing in size, for the world /vould not hold

them, the more dominant^, groups beat tbe less dominant.
This tendency in the large groups to go on increasing in

size and diverging in character, together with the almost
inevitable contingency of* much extinction, explains the

arrangement of all the forms of life, in groups subordinate

to groups, all within a few great classes, which we now see

everywhere around us, and which has prevailed throughout
all time. I'his grand fact of the grouping of all organic

beings seems to me utterly inexplicable on the theory of

creation.

As natural selection acts solely by accumulating slight,

successive, favourable variations, it .can produce no gre^.

or sudden modification ;
it can act only by very short a.fA

slow steps. Hence the canon of “ Natura non facit saltum,^*

which every fresh addition to our knowledge lends to make
more strictly correct, is on this theory simply iTitclligible.

We can plainly see why nature is prodigal in variety, though
•niggard in innovation. But why this shouki be a law of

nature if each species has been independently created, no
man can explain.

Many other facts are, as it seems to me, explicable on
this theory. How strange it is that a bird, ..under the form
of woodpecker, should have been created to prey on insects

on the ground
; that upland gees^, which iiever or rarely

swim, should have been created with w^eblfcd feet that .a

thrush should have been created to* dive and feed on sub-

aquatic insects
;
and that a petrel should have been created

with habits and structure fitting it for the life of an auk or

grebe ! ai^ so on in endless other cases. But on the view

of each species constantly trying to increase in number, •

with natural selection always ready to adapt the . slowly

varying descendants of each to any unoccupied or ill-occupied

place in nature, these facts cease to be strange, or perhaps *

might even have been anticipated.

As natural selection acts by competition, it adapts the

inhabitants of each country only in relation to the degree

of perfection of their associates ; so that we need /eel no
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surprise at the inhabitants of any one country, although on
the ordinary view supposed to have been specially created

and adapted for that country, being beaten and supplanted

by the naturalised productions from another land. Nor
ought we to marvel if all

^
the contrivances in nature be not,

as far as >ve ^an judge, absolutely perfect
; and if some of

them be abhorrent to our ideas of fitness. We need not

marvel at the sting of the bee caSsing the bee’s own death
;

at drones being produced in such vast numbers for one
single act, and being then slaughtered by their sterile sisters

;

at the astonishing waste of pollen by our fir-trees; at the

instinctive hatred of the queen bee for her own fertile

daughters; at ichneumonid^ feeding within the live bodies

of oatcrjii liars
;
and at other such cases. The wonder indeed

is, on the theory of natural selection, that more cases of

the want of absolute perfection have not been observed.

The complex and little known laws governing variation

^are the same, as far as,we can see, with the laws which have
^^')verned the production of so-called specific forms. In

both cases physical conditions seem to have produced
but little direct effect

;
yet when varieties enter any zone,

they occcl'^^ionally assume some of the characters of the species

proper to that zone. In both varieties and species, use and
disuse seem tcb have produced some effect ?

difficult

to resist this conclusion when we look, for instance, at the

logger-he^tflcd duck, which has wrings incapable of flight,

in nearly the same condition as in the domestic * duck

;

or when we Jook at the burrowing tucutneu, which is

occasionally blind, and then at certain mole^ which are

habitually blind and h*^e their eyes covered with skin

;

or Vh^n we look at the blind animals inhabiting the dark

caves of America and Europe. In both varieties and species

correlation of growth seems to have played a most important

part, so that when one part has been modified other parts

are necessarily modified. In both varieties and species

reversions to long-lost characters occur. How inexplicable

on the* theory of creation is the occasional appearance of
stripes on the shoulder and legs of the several species of

the’ horse-genus and in their hybrids ! How, simply is this

fact explained if we believe that these species have descended
from a striped progenitor, in the same manner as the several

domesric * breeds of pigeon have descended from the blue

and barred rock-pigeon

!
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Qp the ordinary view of each species having be??n

independently created, why should the specific characters, or

those by which the species of the same genus differ from
each other, be more variable than the generic characters

in which they all agree? Why, for instance, should the

colour of a flower be more likely to vary in ^ny one speej^s

of a genus, if the other species, suppoi^ed to have been
created independently, htive differently coloured flowers,

than if all the species of the genus have the same coloured

flowers ? If species are orjy well-marked varieties, of which
the characters have become in a high degree permanent,
we cm understand this fact; for they have already varied

since they branched off from a common progenitor in certain

characters, by which they have come to be spccifjgally

distinct from each other
;
and therefore these same cliaractcrs

would be more likely still to be varialile than the generic

chara^'.ters which have been inherited without change for

an enormous period. It is inexplicable on the theory

creation why a part developed in a very unusual mann%
in any one species of a genus, and therefore, as w’e may
naturally infer, of great impoitance to the s])ecics, should

l)e eminently liable to vari ition
;

but, on my -i'iew, this

jiart has undergone, since the several species branched off

/rom a common i)|ogenitor, an unusual amoiipt of variability

and modihcation, and therefore we might expect this part

generally to be still variable. J>ut a part may be developed

in the most unusual manner, like the wing of !i bat, and
yet not be more variable than any other structure, if the

part be cor^mon to many subordinate forms, that is, if it

has been inherited for a very long% jieriod
; Jot in this rase

it will have been rendered constant by long-c^ntinuecknatTiral

selection. •

Glancing at instincts, marvellous as some are, they offer

no greater difficulty than does corporeal structure on the

theory the natural selection of successive, slight, but

profitable modifications. We can thus underst.ind why nature *

moves by graduated steps in endowing different anitnals of

the same class with their several instincts. I have attempted

to show how -much light the principle of grz^dation throws

on the admirable architectural powers of the hive-bee. Habit

no doubt sometimes comes into play in modifying instincts

;

but it certainly is not indispensable, as we see, ii^ the case

of neuter insects, w'hich leave no progeny to inhefit the
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effects of long-continued habit. On the view of all^the

species of the same genius having descended from a common
parent, and having inherited much in common, we can

understand how it is that allied species, when i>laced under

considerably different conditions of life, yet should follow

nearly the same instincts ; Vhy the thrush of South America,

for instance, line^ l^er nest with mud like our llritish species.

On the view of instincts having beAi slowly acquired through

natural selection we need not marvel at some instincts

being apparently not perfect anej^ liable to mistakes, and
at many instincts causing other animals to suffer.

It species be only well marked and permanent varieties,

we can at once sec why their crossed offspring should

follo\«[„ the same complex laws in their degrees and kinds

of resemblance to their parents,—in being absorbed into

each other by successive crosses, and in other such points,

—

as do the crossed offspring of acknow^ledged varieties. On
tbe other liand, these would be strange facts if species

hci^'c been independentry created, and varieties have been
pro'duced b) secondary laws.

If we admit that the geological record is imperfect in

an extrcni'.i* degree, then such facts as the record gives,

support the theory of descent with modilication. New species

have come on ^le stage slowly and at successive intervals ;

and the amount of change, after etjual intervals of time,

is widely different in different grou|is. 'I’lie extinction of

.s[)ecies aiiif of whole groups of species, which has ptayed

so conspicuous a part in the history of the organic world,

almost inevitably Tfollows on the princqile of natural selection
;

for qld forms vyill be stipplanted by njw and improved
formi?, -ivleuher tjjjngle species nor groups of species reappear

when tlie chain of ordinary geneiation has once been broken.

The gradual diffusion of dominant forms, w'ith the slow

modification of their descendants, causes the forms of life,

after long intervals of time, to appear as if they had changed
simultaneously throughout the w^orld The fact of itie fossil

remains pf each formation being in some degree intermediate

in character between the fossils in the formations above
.and, below, is sqnply explained by their intermediate position

in the chain of descent. The grand fact that all extinct

organic beings belong to the same system wuth recent

beings, fallhig either into the same or into intermediate

groups, *follows from the living and the extinct being the
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of&pring of common parents. As the groups which have
descended from an ancient progenitor have generally diverged
in character, the progenitor with its early descendants will

often be intermediate in character in comparison with its

later descendants; and thus we can see why the more
ancient a fossil is, the oftener it stands^ in some degree
intermediate between existing and allitv'l groupi;. Recent
forms are generally looxed at as being, in some t vague
sense, higher than ancient and extinct forms; and they are

in so far higher as they later and more improved forms
have conquered the older and less improved organic beings

in the struggle for life. Lastly, the law of the long endurance
of allied forms on the same continent,—of marsupials in

Australia, of edentata in America, and other such <^es,

—

is intelligible, for within a confined country, the recent and
the extinct will naturally be allied by descent.

Looking to geographical distribution, if we admit that

there has been during the long course of ages much migraU^n
from one part of the world to another, owing to fopmer

climatal and geographical changes and to the many occasional

and unknown means of dispersal, then we can understand,

on the theory of descent with modification, •t'nost of the

great leading facts in Distribution. We can f-ee why there

should be so striking a parallelism in the distribution of

organic beings throughout space, and in their geological

succession throughout time ; for in both cases the beings

have been connected by the bond of ordinary generation,

and the means of modification have been the same. We
see the full meaning of the wonderful fact, which must have
struck every traveller, namely, tint on ihy. same continent,

under the most diverse conditions, und^r heat fnd' cold,

on mountain and lowland, on deserts and marshes, most
of the inhabitants within each great class are plainly related;

for they will generally be descendants of the same progenitors

and eijrly colonists. On this same principle of former
migration, combined in most cases with modification,

can understand, by the aid of the Glacial period, the identity

of some few plants, and the close alliance of many others,

on the most dist-^nt mountains, under the. most different

climates
;

and likewise the close alliance of some of the

inhabitants of the sea in the northern and southern temperate

zones, though separated by the whole intertrooical ocean.

Although two areas may present the same physical cbnditions
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of ^life, we need feel no surprise at their inhabitants b«ing

widely different, if they have been for a long period completely

separated from each other; for as the relation of organism
to organism is the most important of all relations, and as

the two areas will have received colonists from some third

source or from ea-^h other, at various periods and in different

proportions, the course of modification in the two areas

wdll inevitably be different.

On this view of migration, with subsequent modification,

we can see why oceanic islands stould lie inhabited by few
species, but of these, that many should be peculiar. We
can clearly see why those animals which cannot cross wide
spaces of ocean, as frogs and terrestrial mammals, should
not bihabit oceanic islands

;
and why, on the other hand,

new and peculiar species of bats, which can traverse the

ocean, should so often be found on islands far distant from
any continent. Such facts as the presence of peculiar species

bats, and the absence of all other mammals, on oceanic

isla,ids, are utterly inexplicable on the theory of independent
acts of creation.

The existence of closely allied or representative species

in any two' ’•areas, implies, on the theory of descent with

modification, that the same parents formerly inhabited both
areas

;
and we almost invariably find that wherever many ,

closely allied species inhabit two areas, some identical species

common to^ both still exist. Wherever many closely allied

yet distinct species occur, many doubtful forms and varieties

of the same spqpies likewise occur. It is a rule of high

generality that the inhabitants of each area are* related to

the mhabitants f>f the nearest source whence immigrants
might Mve been derived. We see this in nearly all the

plants and animals of tde Galapagos archipelago, of Juan
Fernandez, and of the other American islands being related

in the most striking manner to the plants and animals of

the neighbouring America mainland; and thos% of the

€ape de Verde archipelago and other African islands to the

African mainland. It must be admitted that these facts

receive no explanation on the theory of creation.
* The fact, as we have seen, that all past and present organic

beings constitute one grand natural system, with group
subordinate to group, and with extinct groups often falling

in between^ redent groups, is intelligible on the theory of

natural selection with its contingencies of extinction and
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divergence of character. On these same principles we s6e

how it is, that the mutual affinities of the species and genera
within each class are so complex and circuitous. We sec

why certain characters are far more serviceable than others

for classification ;—why adaptiv,e characters, though of

paramount importance to the being, are / of hardly ahy
importance in class ilicatiqn

;
why characters derived from

rudimentary parts, though of no service to the bcingi arc

often of high classificatory value
;
and why embryological

characters are the most valuable of all. The real affinities

of all organic beings are due to inheritance or community
of descent. The natural system is a genealogical arrangement,

in which vre have to discover the lines of descent by the

most permanent characters, however slight their vitid*^ im-

portance may l)e.

The framework of bones being the same in the hand
of a man, wing of a bat, fin of the porpoise, and leg of the

horse,—the same nuinl)er of vertebra forming the neck’

of the giraffe and of the elephant,—and innumerable oth'^r

such facts, at once explain themselves on the theory of
descent with slow and sliglit successive modifications. The
similarity of pattern in the wing and leg of a Sat, though
used for such different purpose,—in the jaws and legs of

a crab,—in the p(?tals, stamens, and pistils of a flow'cr, is'

likewise intelligible on the view of the gradual modification

of parts or organs, w'hich were alike in the early progenitor

of each class. On the principle of successive variations

not always supervening at an early age, and 'being inherited

at a corresponding not early period of life, we can clearly

see why the embryos of mammals, 'birds, reptiles, and fishes

should be so closely alike, and should b^' so unlffee the

adult forms. We may cease marvelling at the embryo of

an air-breathing mammal or bird having branchial slits

and arteries running in loops, like those in a fish which
has to brer the the air dissolved in w^ater, by the aid of well-

developed branchiae.

Disuse, aided sometimes by natural selection, wiH often

tend to reduce an organ, when it has become useless
.
by

changed habits or under changed conditions* of life
; and

we can clearly understand on this view the meaning of

rudimentary organs. But disuse and selection will generally

act on each creature, when it has come to maturity atgd has
to plaj its full part in the struggle for existence, and will
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thus have little power of acting on an organ during early

life
;
hence the organ will not be much reduced or rendered

rudimentary at this early age. The calf, for instance, has
inherited teeth, which never cut through the gums of the

upper jaw, from an ear\y progenitor having well-developed

ft‘eth ;
sjid wcv may believe, that the teeth in the mature

animal were deduced, during •successive generations, by
disuse or by the tongue and palate having been fitted by
natural selection to browse w'ithout their aid

;
whereas in

the calf, the teeth have been left untouched by selection or

disuse, and on the principle of inheritance at corresponding

ages have been inherited from a remote period to the

present day. On the view of each organic being and each
sepWated organ having been specially created, how utterly

inexplicable it is that parts, like the teeth in the embryonic
calf or like the shrivelled wings under the soldered wing-

covers of some beetles, should thus so frequently bear the

nlain stamp of inutilitv ! Nature may i^c said to have taken

pains to reveal, by rudin^entary organs and by homologous
structures, her scheme of modification, which it seems that

we wilfullj^ wdll not understand.

I have now recapitulated the chief facts and considerations

which have thoroughly convinced me that species ha^e
changed, and are still slowly changing by the preservation

and acciBTiulation of successive slight favourable vafiations.

Why, it may be asked, have all the most eminent living

naturalists and*geologists rejected this view of the mutability

of species? It cannot be asserted that orgaitic beings in

a state of natdre are subject to no variation; it cannot be
proved that th5 amoun;t of variation in the course of long

ages is a limited quantity
;
no clear distinction has been,

or can be, drawn between species and well-marked varieties.

It cannot be maintained that species when intercrossed

are invariably sterile, and varieties invariably fertile
;
or that

sterility is a special endowment and sign of creation. The
belief That species were immutable productions was almost

unavoidable as long as the history of the world was thought

td be of short duration
;
and now that we have acquired

some idea of the lapse of time, we are too apt to assume,

without proof, that the geological record is so perfect that

it would'Miave afforded us plain evidence of the mutation

of species, if they had undergone mutation. •

24



370 ON THE ORIGIN OF SPECIElS.
(

Bufr the chief cause of our natural unwillingness to admit
that one species has given birth to other and distinct

species, is that we are always slow in admitting any great

change of which we do not see the intermediate steps. The
difficulty is the same as that felf, by so many geologists,

when Lyell first insisted that long lines of ijaland ^jliffs had
been formed, and great valleys excavated, 1^ the slow action

of the coast-waves. The 'mind cannot possibly grasp* the

full meaning of the term of a hundred million years ; it

cannot add up and perceiv!; the full effects of many slight

variations, accumulated during an almost infinite number of

generations.

Although I am fully convinced of the truth of the views

given in this volume under the form of an abstract, by
no means expect to convince experienced naturalists whose
minds are stocked with a multitude of facts all viewed,

during a long course of years, from a point of view directly

opposite to mine. It is so easy to hide our ignorance under/

such expressions as the “plan of creation,” “unity of design,^'

&c., and to think that >ve give an explanation when we
only restate a fact. Any one whose disposition leads him
to attach more weight to unexplained difficulties tfian to the

explanation of a certain number of facts will certainly reject

my theory. A few ..naturalists, endowed with much flexibility

of mind, and who have already begun to doubt on the

immutq.bility of species, may be influenced by thig volujne

;

but I look with confidence to the future, to young and
rising naturalists, who will be able to view,, both sides of

the question* with impartiality. Whoever is led to believe

that species are mutable will do good*;service bj^-conscientiously

expressing his conviction ; for only thus am the f^aef of

prejudice by which this subject is overwhelmed be removed.
Several eminent naturalists have of late published their

belief that a multitude of reputed species in each genus

are not r^iil species; but that other species are real, that

is, have been independently created. This seems to me a '

strange conclusion to arrive at. They admit that a multitude

of forms, which till lately they themselves thought were
special creations, and which are still thus looked at by the

majority of naturalists, and which consequently have every

external characteristic feature of true species,—they admit

that these have been produced by variation, blit tiey refuse

to exteijd the same view to other and very slightly diflerent
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forms. Nevertheless they do not pretend that they can Refine,

or even conjecture, which are the created forms of life,

and which are those produced by secondary laws. They
admit variation as a vera causa in one case, they arbitrarily

reject it in another, without assigning any distinction in

the twoi^ cases. The day will come when this will be given

as a ctfrious illustration of the blindness of preconceived
opinion. These Others seem no^more startled at a miraculous

act of creation than at an ordinary birth. But do they

really believe that at innumerable periods in the earth’s

history certain elemental atoms have been commanded
suddenly to flash into living tissues? Do they believe that

at each supposed act of creation one individual or many
wepd produced? Were all the infinitely numerous kinds of

animals and ijlants created as eggs or seed, or as full grown ?

and in the case of mammals, were they created bearing

the false marks of nourishment from the mother’s womb ?

Although naturalists ^ery properly demand a full explanation

of every difficulty from those who believe in the mutability of

species, on their own side they ignore the whole subject

of the first appearance of species in what they consider

reverent sflence.

It may be asked how far I extend the doctrine of the

modification «f species. The question i^ difficult to answer,

because the more distinct the forms are which we may
consider,^by so much the arguments fall away in force. But
some arguments of the greatest weight extend very far.

All die members of whole classes can be connected together

by chains of affinities, and all can be clasj^ified on the

same principl •, in grcAps subordinate to groups. Fossil

.reinaisfs somcti aies tend to fill up very wide intervals between
existing orders. Organs in a rudimentary condition plainly

show that an early progenitor had the organ in a fully

developed state
;
and this m some instances necessarily implies

an enormous amount of modification in the descendants.
Throughout whole classes various structures are formed on
the same pattern, and at an embryonic age the species closely

resemble each other. Therefore I cannot doubt that the
theory of de scent with modification embraces all the members
of the same class. I believe that animals have descended
from at most only four or five progenitors, and plants from
an equals or desser number.

Analogy would lead me one step further, namel;^ to the
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belief that all animals and plants have descended from some,

one prototype. But analogy may be a deceitful guide.

Nevertheless all living things have much in common, jn

their chemical composition, their germinal vesicles, their

cellular structure, and their laws of growth and reproduction.

We see this even in so trifling a tircum stance as that th^

same poison often similarly affects plants aifd aniitals
;
or

that the poison secreted b>' the gall-fly prepuces monstrous
growths on the wild rose or oak-tree. 'Ihcrefore I should

infer from analogy that probably all the organic beings which

have ever lived on this earth have descended from some
one primordial form, into which life was first breathed.

When the views entertained in this volume on the origin

of species, or when analogous views are generally admitted,

we can dimly foresee that there will be a considerable

revolution in natural history. Systematists will be able

to pursue their labours as at present
; but they will not #

be incessantly haunted by the shadovfy doubt whether this

or that form be in essence a species. This I feel sure,

and I speak after experience, will be no slight relief. The
endless disputes whether or not some fifty species ^f British

brambles aie true species will cease. Systematists will have
only to decide (not tliat this will be easy) whether any form
b6‘ sufficiently constant and distinct from other forms, to

be capable of definition; and if definable, w'hether the

differences be sufficiently important to deserve d specific

name. This latter point will become a far more essential

consideration than it is at present; for diffeiences, however
slight, Ijetweeh any two forms, if not^flended l^y inteimediale

gradations, are looked at by most natuialis^ as siiftcifent

to raise both forms to the rank of ‘species. Hereafter we
shall be conij)elIed to acknowledge that tlic only di.sLinction

between species and well-marked vaiieties is, that the latter

are known, or belie\ed, to be connected at the present day
by intcimefiiatc gradations, whereas species were foiii.eily

thus connected. Hence, with(>iit quite rejecting the con-

sideration of the prest nt existence of intermediate gradations

between any tw^o forms, \ve shall be led to ^weigh more
carefully and to value higher the actual amount of difference

between them. It is quite possible that forms now generally

acknowledged to be merely varieties may hereafter bj> thought

w'orthy of specific names, as with the primrose and cot^slip

;
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and in this case scientific and common language will come
into accordance. In short, we shall have to treat species

in. the same manner as those naturalists treat genera, who
admit that genera are merely artificial combinations made
for convenience. This may not be a cheering prospect

;
but

vie shalUat least be freetl from the vain search for the un-

discovered and ucdiscoverable essence of the term species.

The other and more general dSpartments of natural history

will rise greatly in interest. The terms used by naturalists

of affinity, relationship, community of type, paternity, mor-
phology, adaptive characters, rudimentary and aborted organs,

&c., will cease to be metaphorical, and will have a plain

signification. When we no longer look at an organic being

as a'.«avage looks at a ship, as at something wholly beyond
his comprehension ; w'hen we regard every production of

nature as one which has had a history ; when w'e contemplate

every complex structure and instinct as the summing up
• of many contrivance.^ each useful to the possessor, nearly

in the same way as when w’C look at any great mechanical

invention as the summing up of the labour, the experience,

the reason, and even the blunders of numerous workmen;
when we liiTis view each organic being, how far more interesting,

I speak from experience, will the study of natural history

become ! • • ,

A grand and almost untrodden field of inquiry w'ill be
opepod, on the causes and laws of variation, on C(^n elation

of growth, on the effects of use and disuse, on the direct

action of extiynal conditions, and so forth. The study of

domestic productions will rise immensely in vglue. A new
variety raised man ^’ill be a far more important and
.intcresfing subject for study than one more species added
to the’infmitiule of alrcacfy recorded species. Our cki^sifications

wuli come to bo, as far as they can be so made, genealogies

and will then tiuly give what may be called the plan of

creation. The rules for classifying will no do^bt l)ec()me

• simpler when we have a definite object in view. We possess

no pedigrees or armorial bearings; and we have to discover

and trace the many oiverging lines of de.scent incur natural

gtiiealogies, <l)y characters of any kind wdiich have long

been inherited. Rudimentary organs will speak infallibly

wdth respect to the nature of long-lost structures. Species

and groups oT species, which are called aberrant, and which
may fancifully be called living fossils, will aid us in^ forming
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a picture of the ancient forms of life. Embryology will

reveal to us the structure, in some degree obscured, of the

prototypes of each great class.

When we can feel assured that all the individuals of the

same species, and all the closely allied species of most
genera, have within a not very remote p^iod ckscendad
from one parent, and have migrated from^some one birth-

place
;

and when we befccr know the 'many means of

migration, then, by the light which geology now throws,

and will continue to throvwF on former changes of climate

and of the level of the land, we shall surely be enabled to

trace in an admirable manner the former migrations of the

inhabitants of the whole world. Even at present, by com-
paring the differences of the inhabitants of the sea o» the

opposite sides of a continent, and the nature of the various

inhabitants of that continent in relation to their apparent
means of immigration, some light can be thrown on ancient

geography.

The noble science of Geology loses glory from the extreme
imperfection of the record. The crust of the earth with its

embedded remains must not be looked at as a well-filled

museum, but as a poor collection made at ha^rd and at

rare intervals. The accumulation of each great fossiliferous

formation will be .recognised as having depended on an •

unusual concurrence of circumstances, and the blank intervals

between the successive stages as having been of vast duration.

But w6 shall be able to gauge with some security the

duration of these intervals by a comparison of the preceding
and succeeding organic forms. We must be cautious in

attempting to correlate as strictly con-iemporanroiis two forma-

tions, which include few identical species, the Jjen'eral

succession of their forms of life. A‘s species are produced
and exterminated by slowly acting and still existing causes, and
not by miraculous acts of creation and by catastrophes

;

and as the^.most important of all causes of organic change
is one which is almost independent of altered and perhaps •

suddenly altered physical conditions, namely, the mutual
relation of organism to organism,—the improvement of one
being entailing the improvement or the extermination* of

others
;

it follows, that the amount of organic change in

the fossils of consecutive formations probably serves as a

fair measure of the lapse of actual time. A iY'*mber of

species, however, keeping in a body might Remain *for a
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long period unchanged, whilst within this same period,

several of these species, by migrating into new countries

and coming into competition with foreign associates, might
become modified

;
so that we must not overrate the accuracy

of organic change as a meijsure of time. During early periods

of the «irth*s history, when the forms of life were probably

fewer and sim^v, the rate of change was probably slower;

and at the first Sawn of life, when very few forms of the

simplest structure existed, the rate of change may have
been slow in an extreme de^ee. The whole history of

the world, as at present known, although of a length quite

incomprehensible by us, will hereafter be recognised as

a mere fragment of time, compared with the ages which
have^ elapsed since the first creature, the progenitor of

innumerable extinct and living descendants, was created.

In the distant future I see open fields for far more
important researches. PsycJ^ology will be based on a new
foundation, that of th^ nectssary acquirement of each mental
power and capacity by gradation. Light will be thrown
on the origin of man and his history.

Authors of the highest eminence seem to be fully satisfied

with the ^ew that each species has been independently

created. To my mind it accords better with what we know
of the laws impressed on matter by tl-te Creator, that the
production and extinction of the past and present inhabitants

of 4he ^^orld should have been due to secondary^ causes,

like those determining the birth and death of the individual.

When 1 vie\sk all beings not as special creations, but as

the lineal descendants of some few beings which lived long

befpre the first bed of^he Silurian system was deposited,

• they item to tne to become ennobled. Judging from the

past, we may safely infer that not one living species will

transmit its unaltered likeness to a distant futurity. And
of the species now living very few will transmit progeny
of any kind to a far distant futurity

; for the* manner in

which all organic beings are grouped, shows that the greater

number of species of each genus, and all the species of

many genera, have left no descendants, but have become
utterly extinct. We can so far take a prophetic glance into

futurity as to foretel that it will be the common and widely-

spread species, belonging to the larger and dominant groups,

which ^wiA ultimately prevail and procreate new and dominant
species. As ' all the living forms of life are the linea^ descen-
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dants fOf those which lived long before the Silurian epoch;

we may feel certain that the ordinary succession by generation

has never once been broken, and that no cataclysm has
desolated the whole world. Hence we may look with some
confidence to a secure future of egually inappreciable length.

And as natural selection works solely by and for the good
of each being, all corporeal and mental y^fidowmlnts will

tend to progress towards p^fcction. j

It is interesting to contemplate an entangled bank, clothed

with many plants of many Hnds, with birds singing on the

bushes, with various insects flitting about, and with worms
crawling through the damp earth, and to reflect that these

elaborately constructed forms, so different from each other,

and dependent on each other in so complex a mariner,

have all been produced by laws acting around us. These
laws, taken in the largest sense, being Growth with Repro-
duction ;

Inheritance which is almost implied by reproduction
;

Variability from the indirect and‘ direct, action of the external

conditions of life, and from use and disuse; a Ratio of

Increase so high as to lead to a Struggle for Life, and as

a consequence to Natural Selection, entailing Divergence of

Character and the Extinction of less-improved foiflis. Thus,

from the w’ar of nature, from famine and death, the most
eplted object which we are capable of conceiving, namely,

the production of the higher animals, directly follows. There
is grandeur in this view of life, with its several powders,

having 'been originally breathed into a few forms or into

one; and that, wdiilst this planet has gone cycling, on
according to. the fixed law of gravity, from so simple a

beginning endless forms most beaute'ful and «uost wonderful

have been, and are being, evolved. ' • ^ *
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Brazil, 263.

Lycll, Sir C., on th^ struggle for

existence, 57.

, on modern changes of the

earth, 82.

I

, on measure of denudation,

! 222.

, on a carboniferous land-shell,

226. ^
, on fossil whales, 237.

•1
,
on strata beneath Silurian

system, 240.

, on the imperfection of ihe

geological record, 242.

, on the appearance of species,

243-

, on Barrande's colonies, 244.

, on tertiary formations of
Europe and North Amerj^a, 251.
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Lyell. on parallelism of tertiary

formations, 255,

, on tr.insport of seeds by ice-

bergs, 281.

, on great alternations of
climate, 295

,011 the clistiibution of fresh-

water she IN, 299
, on land-shells of Mad*'ira,

311-
and Dawson on fossili/td

trees in Kova Scotia, 232.

M.

Macleay on analogical characters,

330 -

^Madeira, plants of, 91.

, beetles ol, \viiighss, 112,

, lossil land-shells of, 2O3.

, V>irds of, 303.
^

Magpie tame in N 01 way, 170.

Mai/C, crossed, 212.

Malay Archipelago compaied with
Europe, 234.

, inanimals of, 306.
JMalpighiaceac, 323.
Mammae, nidimeiitary, 348.
Mammals, fossil, in secondary for-

mation, 237.

, insular, 304.
Man, origin of races of, 160.

Manatee, rudimentary nails of, 350,
Marsupials of Australia, 98.

, fossil species of, 263.
Martens, M., 'Experiment on seeds,

279 -

Martin, Mr. W. C., on striped

mules, 134.

Matteuchi on the electric organs
of rays, 155.

Matthiola, reciprocal crosses of,

204.

Means of dispersal, 277.
Melipona domestica, 179
Metamorphism of oldest rocks, 240.
Mice destroying bees, 66.

, acclimatisation of, I16
Migration, bears on first appear-

ance of fossils, 230.
Miller, Prof., on the cells of bees,

1 8a.

M' rabies, crosses of, 204.

Missel-thrush, 68.

Mibiseltoe, complex rclatiom

13-
.

Mississippi, rate of depositio
mouth, 223.

Mocking-thrush of the Galap
3 "-

. < •

Modification of spec* ^s, hov
applicable, 371. j

Moles, bhnd, 113.

Mongrels, fortility and sterili •

210
and hybrids roriipared, 2

Monkeys, tossil, 237.
Moiiocanthus, 32S.

Mons, Van, on the origin of
trm s, 32.

Moipiin-Tandon on sea-side p
I 10.

Morphology, 335.
Mozart, musical powers of, l(

r. ,5>etds in, 2^19.

Mules, .striped, 134.
Muller, Dr K., on Alpine Aust

plants, 291
Murchison, Sir R.^ on the f

tions of Russia, 226.

, on azoic formations, 2ji

, on extinction, 247.
Miistela vison, 145.
Myanthus, 328.
Myrra«:cocystus, 189.^
Myrmica, eyes of, 191.

N/^ls, rudinn itary, 319.
Natiir^r hist^'-y, future

5 / 2 -

selection, 71.
system, 319.

Naturalisation of forms di

from the indigenous species

in New Zealand, *6?

Nauc'^-'S, Silurian, 239.
Nectar of plants, 80.

Nectaries, how formed, 80. ,

Nclumbium lute’um, 300,
Nests, variation in, 169.

Neuter insects, 1S7.

Newman, Mr., or' hunble-becj
New Zealand, proddctions of,

perfc.'l, 162.
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•“w ZMlanrI. naturalised products
|

of, 262.

fossil birds ot, 263.

,
j^lacial action in, 289.

, crustaceans of, 291.

, algae of, 291.

— mjm''oer of plants of, 301. '

. Ilor:#of, 309.
Nicotian.*!, crossed var>,otics of, 21J.

, cc rtain species \( ry sterile,

203.

Noble, Ml,, on tcrtility ol Isliodo-

dendroii, hjo
Nodulrt, pho'-'pliatic, iii a/oic locks,

240.

0 .

i )Afc, w’aneties ol, ,-|N

ftnites apcllcs, 112

Orchis pollen of, I5r*

• Organ;* of extreme pci tc tioii,

,
electric, of fishes, 1 55f '

of little importaiici' 136.

-
,
homologous, 335.

, rudiin*'iils ol, 347
UrmthorhyiijiJjus, 9J, 322
Ostnch not capabi* oi llighl, 112

,
hnbil of la\ ing eggs tog< tls r,

1 7 I •

,
Ai»i( ucaii, two species nt,

l!;ib'.#sof, lio\v acquired, 145
Ouzel, uatr-i, 149.

Owen, I’rof., 011 •birds not Hying,

1 1 1.

,
on vciTotati’^c repclititm. 1 22.

'
^ —t*^ variable lcnct^<.T arms

in oiirang-outang* 123
, «n tlu swiin-bladdi’i ullishcs.

j

»5b i

-

, on ele'ctric oigans I

,
on fossil horse ol 1 .i I’iala. 1

—
,
Hf) elation s of 1 uini^nls ani^j

pachydi i nib, 256. ^ ’

, on fossil bird' oi New 7ea-

.hind, 263, ^
-

.
on ''Ucccssion ot type;., 203.^ on alfinitir's ot lh<* dngoii-,

- on t^mioioftous organ 336.

«- cffi the hictamorphosis ot

c< phaUipotls and spid«*s, 34'*

P.

!*acifjc (Jcfan, faunas ot, 271.
Faky un no organ termed to give

pain, 161.

Pallas on the fertility ol the wild
stocks of domestic animals, 200.

Paiaguay, cattle destroyed by flies,

Parasites, 173,

Partridge, dirt on feet, 281.

PJ^ts grc.iliy d'^vcloped, eanaldc,

123.

,
<legrt es ot ulilit3 ol, lOl.

Pams major, 14S

Passiflora, 19S.

Ptaches ni Undid States, y-,.

Pc.ir, gr.ilts of, 20'!.

IMargoninm, flowcis of, 120

,
sterility of, 190.

Pelvis of women, li«S.

IVloria, 119.

Period, glacial, 283.

Petrels, Indnls of, 149
Phasianus, tcrtility of liyhnds, 200
Pli<*asanL, young, wild, 172
Philippi on tertiary species in

Sicily. 243
TMctet, Prof

^
on group*! ol ^pe^ ic')

suddenly appearing, 2 '>b, 23S **

, on rati. (»l 'Mganii <.haugt',

244.
, on continuous succes.suni of

genera, 246,

-
,
on close alliance ot To sils iii

consecutive formation.-.,, 2(>o.

, on cmhryologii’al sucecssion,

262.

Pierce, IVl i on varieties of wolves,

79*

Pigeons with feathered Icct and
skin between toe-., 2n

, bleeds dcscrili^l, .ind origin

of, 2O,

—
,
bieccls of, how prodiic<‘ci, 10,

42.

,
tumbler, not being ddf to

get out ot egg, 70.

rc\ci ting to bliii col i u, 130.

, instinct of tumbling, 171

, cyrriers, killed by hnv. k ,

281

, youu” ol, 34 *
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Pistil, rudiiiiciiUry, 34^.
Plr.iiU, poisoiioub, iu)l alkctiug

rciLaiii lokMiivd animals, 19.

, scicctitm applit'd to, 35.—
,
piradual impruvcincnt ot', 38.

not iin]iro\cd in harharoui
countries, 39

destroyril I»y uiscctb, 02.

, in midst of raiif»c, ha\<jito

struggle uitli other plants, 69
nectar of, 80.

, ileshy, on sca-sliorcs, lio.^

— frc'li-watcr, disliibution of,

299.
, low III scait', widely dislii-

buted. 314,

Plumage, laws ol change ni sexes
of birds, 78.

Plums m til* United Slates, 75.

Pointer dog, origin of, 37.

, habits f'f, 171.

1 ’i>isonnr)tallc' tiiig ccitain cokmn d
animals, 19

, similar cflcct of, on aiiimals

and plant*-, 372.

Pollen ol tir tr* », i<'> ^

Ikiole, Col., on striped htinioniis,

»33-

Potarnog'-ton, 300.

Prcstwich, Ml., on Jaiglish .oid

French (occiu, toi iu.dion-
,
2*,,

Prim rose, 48
, sterility ot, I'lb.

Primiil.i, \;oietir;, ol, 40
Proti’oli pt. ',, 122.

Proteus, 115
**

Psychology, Inture progi coS ol, 373.

Q

tlLAra.A, striped. 134,

Uumcc, gratis of, 206

^ K

IvALHir. di.jjio'ation of young, 172.

Karc ,
flnin* st>c. *di;o actiTS of, 22

Kacc-hors* s. Aiab, y;.

- - Kngbsh, 276
l\ani<ipd cm plants of Pyrenee--,

-

Kain’ay, Pro!,, on thicUness o( the

Brit'sh formations, 2:?

, on fi'ults, 2*3.

r }‘^

I
Ratio of increase, 38.

j

Rats, supplanting eacJi oilier, 6S,

I ,
acclimatisation ol, 116

I

, blind in cave, 114,

j

Rattle*-snake, Kil.

I

Reason and instinct, 1 (j0.

i Rf^u’apiLiilation, gcncr.d, ,^3.
' Reciprocity of * 1 osscs, 21 ‘

Record, geological, impcrickt, 219
Rengger on Hies destroying calth

,

(,5.

Repioduction, lali nt, 58.

Rc'-iomblancc' to p.in n! i in irioii

gnds and liybncls, 215
i
Reversion, law of inhciitaiicc, 21

! in jngf’ons <*i him (nlfun, 130

I
Kliodnd* mlroii, ItriliU nl, .cyi.

I Richard, Prol
,
*)n A^ pirarpa, 325

!
Ricliaidson, 'sii j ,

on slnn'tnic o(
i sc(uiirels, i |.6.

\i
,011 lisln*-. 1)1 the soutlicJiii

..rm i*.phen;, 291.

Robinia, grafts ol, 20(1.

Rodents, blind, 113.

Riidimc'ntary organs, 3 <7.

Rudiimml , nii[)ortam lot ilaLvjili

• alien, 322.

. ^\*.Ani 1 on gr,dt'>, 2* it)

Salmons, inah dnditing^oid ho.*KT’M

jaws ol, 77
Sall-w.iti i, howj lar minnons l*i

' seeds, 27S.

Saiirophagiis snlphuraLiJ’>, \ .

, SeIii*?P‘*e.23n blin',*’ insci Is. 1^14
^

Schlrgcl o7.‘ Slle^.C.-., llS.

Sea-wKler, how far iii|nrimis !*•

seeds, 278
.Sehncrht, Sir J.,011 *.rosscd animal

26.

,
on s*’h ction of pig* ons, 34

Srdgwuk, Prot., on gi .ip -)!

'
’ sp* cic’‘‘ ;iddcnly appearing, 23b

Si cdling.i destroyed liy insects, 61,

S* rd.i, nutiimcnt iy^ 69.
- -

,
wnng'al, 1 20.

‘

f power of resisting '^all-w.itc’

27S.

in Cl ops aiK? mt'.stnics of

lurds, 280,

: eatcifby fisii, 281, 300,
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Seeds in mud, 299 ;

liookeil, on islands,

s< lertioit ol doin'* lie piodiicl ^3. .

—
,
pniinplc iiotol rerent one. 111, 1

. I—

,

unconscious, 36. * i

•
- ,

natural, 7l* ^ \
-

,
srxiTal, 77. N

,iiatuial,circinnst.4|ice«: lavonr-

aMr to, 87.

Sexes, n LiLmns of, 77.
Sexual » hararter*. v;u 1 iM( .

1?S

St lerliulij 77.
Sheep, Merino, their selection, 3;

, two Mil>-brei‘(ls iimjiUn-
tioi’^jly prodmid, 38.

, nioiintain, vanrlu*.s ot, 08
Shell ., colours oJ, 110

-
,
littoral, sekUun einl)t‘tlded,

•2^5*

-, iicsli-watt 1-, di .peisaU.t,-au>
— - ol Madeira, 303.

, land, distribution of, ^07
Silerie, lertilily of ciosses, 203.

Sillimaii, Prol., on blind rat, 114.

Skulb.ttI souT?^. inainiivds, i SO. 337 *

Slave tjiakiiit^ nr linct, 17‘i.
,

*''>rnitli, t'nl. llaunltoii, on stuped
j

hoi'.r., ivp ^
I

,
Ml. I'l rd

,
on ’.law *111 tf. iiit'

!

,
on iir nl- i ants, r 90,

i^Mi. ot joulan Ihll, on ibr

elt i'raii at uui i)l eoasl-uu k ,
222

Siiap-di ai'on, 13 1,

Soinriwlle, l-oiiS v>n s« let ^011 til

• ‘=Rerpp34. % ^
soibuk, ejalts ol, 207.

"'paiin’', Kinr, Cliujles’s bn*, d, ’>7.

•species, poh niorplnc, 46.

,
roiinnoii, variable, 51.

- Ill larj'f I'/Mieia varud-l.
, 51.

'“'Nioiips ctl, suddenly -ippt.ii-

mr, 23O, 239.
hi neaili Siluri.fl tori 'af i»uis,

-- sut ft ssivtJy appearing;, 243.
chinij^in s i m ii 1 1 a n e o u s 1 y

^thruiis;hout tlie- world, 251.
Spencer, ^orcl on incroasi* in si/t*

til c:^tle', 37. .

Sf.lu X, parasitir, 175 .
t

'ip.’dri -., drvtdopnn ijt o* I41

Spitz-dog crossed with fox, 2*'i.

Sport in plants, 18
S[jri. n:>,el, < . t '., cm cio-,biiii;, 8^.

-
,
on ray-llorels, 120.

Sejuirrels, gi.idaiions in structure,

146.

StafforcKliire, beath, changes in,

<b.
SlaJ^-berllt s, lii^btin'*, 77
Strnlity irorii th.'nii'rti .'oiulitions

^1 litr, 17.

ti! byl>i 111'., Ki'j

“
,
l.iw*. ol, 2CJ 1 .

,
I auser, ol, 207.

Iioin nnfav'Oiirable conditions,
208.

- of certain vai irtn'*^, 212.
Si lb lena, production'', of, 302.
S!. 1 lilaire, Aiig,, on classilication,

St. John, Mi., on habits of cats, 70
Sting ot bre, 162.

Stocks, aboiiginal, ol domr'ln*
.Miiin.d"., 24.

Strata, thickness ol, 111 Ibilain, 227
'll! iprs on hoi St s, 133
Strut lilt e, tlf*p^rersol iilihtv ol, lOi,

strugglt tor rxislencr, 50,

Siu c. S' hill, *'t oloint'.'d, .* 1 ;

SiM*ce''Sh»n til Ivj*' . in ‘Jiiu areas,

20 \

Sv\alSov\, tnh* species siif^ilantin^,

another, oS.

Swnn-bl nlder, ic;'

System, nutnial, ;i#i

T.

I Ail of jijraff*, 1 '^7

of atjualie aniiii'd
,

i “7

, 1 udiineiitar\
,
p,u

1 ana <U lieieiit, 1 1 2.

lauscb on ninbrllir'w n'. ilowers,

120 .

! » etli and hair corit lat. d, 1
1
9.—

,
ernbiyoriic, traces ol, in birds,

3*17.

,
nuliim iitaiy, in enibrvo*or

317. 3(H).

ri*L',etmeiei
,

Mr., on cells ol bv**'

,

181. 185.

reiniimiek on tlist nbiif ion uidinp

• lassdie.ition, 324.
*
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'rhouin on grafts, 206.

J'hrusn, aquatic species of, 149.

, mocking, of the Galapagos,

ill-

, young of, spotted, 339.

, nest of, 193
Thu ret, M., on crossed fiici, 204.

Thwaites, Mr., on acclimatisation,

116.

rierra del Fiu*go, dogs of, 172.

-
.
plants of, 200,

rinilv'r-drift, 2Si‘

riiin-, lapse 111,

I'ltmoiise, 14S

load', on islami.'^,

1 obacco, crossed varicti( oi, 21’;

1 oines, Mr., on tin distnbutioo «*l

bat:;, 305.

Transitions in van* tie.-, lare, 140.

Trees on islands belong to peciiliar

orders, 304.
with sep*i rated sexes, 85.

Trifolium prates 66, 82
incarnati.iD. S2.

Trigonia, 250.

Trilobit^s, 231)

, sudden » '.lliiction o| .iqci

Troirlodytes, 103
I'uciJ-tucu, bbiKi, 1 13.

1 inbl( I jii«v i' "., h!ibii'_ ol, lieicd-

iliii V, I'/i.

—
, coipig el, 544.

J urkey-cock, brush <>1 hair on
breasi, 78.

1 urkey, naked skin on head, 1 i>S.

- —
,
young, wild. 172.

Turnip and cabbage, analogous
vanation.s of, 130.

Type, unity ol, 165.

Types, succession ol, 111 saint area.,

U.

Udders enlarged by use, iq.— rudinieniary, 348
Hlcx, young Icri'-es ul, 339,
Umbellilcroe, oiilerand inner florets

of. 119.

ufiTty of type, 165.

Use, efTr-etsof. under cloinestication,

*4

Use, eflerts of, in a state of nature,

1 1

1

Utility, how Icir important in th>

I
consti iiction of each pait, 160

i <
V.

Valent I ENNF,- t-iii fresh-xTaler lish,

298. „
‘

Vanabihl V of mongrels and h vbi id

214.

Variation under donie'.tication. 16.

I caust'd tiyrepi odiict ivc svstein

being nflcited bv cornlitnm', »>!

life. 17.

iindt I n.iiiin
\ t.

I ,
law:, ol, 109.

I Variations appeal .ii correspniidiu"

I

ages 21. 75.
. unak>gv'i:s in distinct sp< cie-.,

’

Varietii^-., naliiral. 44.
- struggle between, 07.
- -

•, domestic, extinction of, 94.

transitional, rarity ol, 130.
- —

,
whi*n ciosscd, '^--rtile, 210

—
,
when crossed, .sterih ,211— . classification ol. 32;.

' Verbasciiin, sterib'ty ol. igS,

, varic*ties ol, i losstd, .ii ',

Wnir.iiil, M. de. on tin- ‘ ni ces^i.^
of Species, 252, '

‘ Viola tricoloi. 60

1
Volcanic i-dnnds,* denndalioii ol

:

223.

, Vulture, n.'tked sl>^_ii on head, 1 >,3

I Ar,

I

'J w.

Wading-bikos, 299,

I

Wallace. Mr., on oiigin of species,

11.

, oil law ol gcogrjplntT-' dis-

276.

, on 'lib '^Malay ArchipHapo.
306

Wasp, sting of, l62.’»

i Water, fresh, production ol. 297.
• Water-hen, 150.

Waterhouse, Mr., ^11 Australian

marsupials, 98. „

, on gceatly developed jiait*.

' being vaitablc, 125.
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Wat«=‘rliou‘'.e, Mr., on the cells of

bees, 179. i

, bn general affinities, 332.
|

Water-ouzel, 149.
|

Watson, Mr. 11 . C., on rarij^e of
;

varieties of British plants, 54 *
!

on acclimatisaUon, 116. \
j

on fl<!ft-a of AzoF'Ss, 282. *
I

-
,
j)n Alpine plants, ^85, 291.

, on rarity ol intermediate i

varietie.s, 143. i

Weald, deiiiitl.'iiiriit t>l, 224.
;

Web of Iret tn vv:i l<*i -bird*.. 14*1.
;

West Indian i land ,, inammab «»f,
i

306. !

\\‘'St\v^<l on sjiM'ics in laieje '

J.;^-n^^a l)eiin\ cloiely allud in

others, 53.

on the tarsi ol Kiif>rida* 12S.— on Ibt antenna of hymen-
1

opterous iii-^ccts, 321
Whales, fossil, 237.

•

Wheat, vaiieties of, 96.

White Mountains, llora of, 283
Wings, 1 eduction of size, ill. !

'of insect ^homologous with •

iiranelna-, 1 v1 >

I udimenlarv, in mbf cts. 3 17
•

\VoltcIo^s^d vvitlfilog, 171, ;

ol Talkland 1 3,05.
I

I.jMoK, Ml., nil VSAlletn- of

.Oil lossjl \aiirl'u*s ol lumi

•JtII 111 AI**deM!!, jO

Wollaston, Mr., on colours ctf in-

sects on sea-shor/?) iio.

, on wingless beetles, 112

^ on rarity of intermediate

varieties, 143.

, on iiisular insects. 301,

, on land-shells of Maalein»

naturalised, 311.

Wo^es, varieties of, 79.

Woodpecker, habits of, 149.

- green colour of, 158.

Woodward, Mr., t«M »ho ilurntion

of specifir lorins, :>M).

- on tiu contiiiuoii-^. succession

of geneia, 240.

, on the succession ol types,

263.

World, species eliangiiig simul-

taneously throughout, 251.

Wren.s, nest of, 193.

y

Youai r, Mr., on selection, 34
, on sub- breeds ot sbeetp,

38
, on iudinnntai> borm. in

\oun.‘' catlkr 350

Z.

slnpes on. 133,
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